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Other PMTs / PETs with additional study material. 


MUSING 


hysics Musing was started in August 2013 issue of Physics For You with the suggestion of Shri Mahabir Singh. The aim of 
Physics Musing is to augment the chances of bright students preparing Юг JEE (Main and Advanced) / AIPMT / AIIMS / 


In every issue of Physics For You, 10 challenging problems are proposed in various topics of JEE (Main and Advanced) / AIPMT. 


The detailed solutions of these problems will be published in next issue of Physics For You. 
The readers who have solved five or more problems may send their solutions. The names of those who send atleast five correct 


solutions will be published in the next issue. 


We hope that our readers will enrich their problem solving skills through "Physics Musing" and stand in better stead while facing 


the competitive exams. 


B 
PROBLEM | 


SUBJECTIVE TYPE 


1. 


4 


A carpet of mass M made of inextensible material 
is rolled along its length in the form of a cylinder 
of radius R and is kept on a rough floor. The carpet 
starts unrolling without sliding on the floor when 
a negligibly small push is given to it. Calculate the 
horizontal velocity of the axis of the cylindrical 


part of the carpet when its radius reduces to >. 


A stone is projected from the point on the ground 
in such a direction so as to hit a bird on the top 
of a telegraph post of height lr and then attain the 
maximum height 2h above the ground. If at the 
instant of projection the bird were to fly away 
horizontally with uniform speed, find the ratio 
between horizontal velocities of the bird and stone 
if the stone still hits the bird while descending. 


A plane spiral with a large number N of turns 
wound tightly to one another is located in a 
uniform magnetic field perpendicular to the 
plane of the spiral. The outside radius of the 
spiral’s turns is equal to a. The magnetic induction 
varies with time as B = Bosinwt, where Во and œw 
are constants. The amplitude of induced emf in the 


xNa^Byo 
п 


spiral is given by . Find the value of n. 


oR 


B=B,sinot 
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The pitch of a screw gauge is 1 mm and there are 
50 divisions on its cap. When nothing is put in 
between the studs, the zero of the circular scale 
lies 6 division below the line of graduation. When 
a wire is placed between the studs, 3 linear scale 
divisions are clearly visible while 31 divisions on 
the circular scale coincide with the reference line. 
Determine the diametre of the wire. 


SINGLE OPTION CORRECT 


A body of mass m is slowly pulled 

up the hill by a force F which at B 
each point was directed along the — "7 
tangent of the trajectory as shown 

in figure. All surfaces are smooth. 
The work performed by this force 

is 

(а) mgl 
(c) mgh 


(b) -mgl 
(d) zero 

A loaded vertical spring executes simple harmonic 
oscillations with period of 4s. The difference 
between the kinetic energy and potential energy 
of this system oscillates with a period of 

(a) 8s (b) 1s 

(с) 25 (d) 4s 


A solid sphere of mass M, radius R and having 
moment of inertia about an axis passing through 
the centre of mass as I, is recast into а disc of 
thickness №, whose moment of inertia about an 
axis passing through its edge and perpendicular 
to its plane remains I. Then, radius of the disc will 
be 
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R 
® т 


2R 2 AR 
(a) JE (b) BB (с) Tis 


The power factor of the circuit shown in figure is 


Xc-400 
220 V, 
50Hz к-400 
X, -1000, 
r-40Q 
(a) 0.2 (b) 04 (c) 08 (9) 0.6 


th 


9. The current in an L-R circuit builds up to i of 


its steady state value in 4 s. The time constant of 
this circuit is 


2 
@ 2° © 2° 
3 ES 
(©) n2’ (9) i^ 


10. From an atom of mass number 220, initially at rest, 
a-decay takes place. If the volume of the reaction 
is 5.5 MeV, the most probable К.Е. of o-particle is 
(а) 44eV (b) 54eV 


(с) 56eV (d) 65eV. ни 


EXAM ALERT 


INDIAN INSTITUTE OF SPACE SCIENCE AND TECHNOLOGY 
ADMISSION TO B.TECH. PROGRAMME-2014 
Indian Institute of Space Science and Technology (157), announces 


admission to its 4-year B. Tech. Degree Programmes for the academic 
year 2014-15, to eligible Indian citizens, in the following disciplines : 


* Aerospace Engineering (60 seats) 
e Avionics (60 seats) 
© Physical Sciences (36 seats) 


Candidates who are desirous to join B.Tech Programmes in ІТ must 
appear for the Joint Entrance Examination (Main)-2014 conducted 
by Central Board of Secondary Education (CBSE), New Delhi to qualify 
themselves to appear for Joint Entrance Examination (Advanced)-2014 
conducted by IITs. They must also appear for JEE (Advanced)-2014 
and secure the minimum prescribed category-wise mats in 
JEE (Advanced)- 2014 as given below : 

(a) General (GEN) Candidates : At least 20% marks in aggregate 
and at least 5% marks in each of the three subjects (Physics, 
Chemistry and Mathematics). 

(b) Other Backward Community-Non Creamy Layer (OBC-NCL) 
Candidates : At least 18% marks in aggregate and at least 
4.5% marks in each of the three subjects (Physics, Chemistry and 
Mathematics). 

(©) Scheduled Caste (SC), Scheduled Tribe (ST) & Persons 
with Disabilities (PD) Candidates : At least 10% marks in 
aggregate and at least 2.5% marks in each of the three subjects 
(Physics, Chemistry and Mathematics), 

More details of JEE (Main)-2014 may be viewed at http:/www. 

jeemain.nic.in 

More details of JEE (Advanced)-2014 may be viewed at http:/www. 

jee.litd.ac.in 

For more details on the eligibility and procedures for B.Tech Admission in 

IIST, please visit http:/Iwww.iist.ac.in/admission/under-graduate. 

JIST Admission Rank List : IIST Admission Rank list will be generated 

only for those candidates who register online for ће admission to IIST 
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ind satisfying all the eligibility criteria. The IST web portal for online 
registration will be opened in the month of May 2014. IIST Admission 
tank list will be based on candidates’ position in the All-India Rank list. 
including category rank) prepared and published by Central Board of 
Secondary Education (CBSE). CBSE prepares All-India rank list giving 
60% weightage to the score in JEE (Main) examination and 40% 
weightage to the normalised score in Class 12th qualifying examination 
ind is expected to be published in the first week of July, 2014. 

Please visit http://www. jeemain.nic.in for more details about the CBSE 
All-India rank list.) 

Reservation of Seats : IST follows the reservation policy of Government 
f India as applicable to Higher Educational Institutions for reservation 
f seats for various categories. 

Financial Assistance : Each Semester, IIST provides Financial Assistance 
(funded by Department of Space, Government of India) for students who 
meet the performance standards set Бу IIST. This assistance covers the 
expenses of education viz. Tuition Fee, Students Amenity Fee, Hostel 
charges including dining, Establishment charges and Medical needs. In 
iddition, a Book Allowance of Rs. 3000/- per semester is also provided 
to each student. (For more details, visit http://www.iist.ac.in/admission/ 
inder-graduate) 

Absorption in ISRO/DOS : On successful completion of the B.Tech 
programme, the students who meet the specified academic standards 
set by IIST, may be absorbed in DOS/ISRO as Scientists/Engineers. As 
performance based financial assistance is provided by DOS to the 
. Tech students of IIST, ISRO/DOS will have the first right to absorb 
hem, subject to the human resource requirements of ISRO/DOS. The job 
sorption will be as per the recruitment norms of ISRO/DOS Centres 
for IIST graduates. (For more details on absorption in ISRO/DOS, visit 
ttp:/Www.iist.ac.in/admission/under-graduate) 


Detailed information and IIST Admission Brochure shall be published by 
30th April 2014. 
For latest information please visit 
http:/wwwjist.ac.in/admission/under-graduate 
Contact email : admission2014@iist.ac.in 
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The questions given in this column have been prepared strictly on the basis of NCERT Physics for Class XI. 
This year JEE (Main and Advanced)/NEET/AIIMS/other PMTs have drawn their papers heavily from NCERT books. 


KINETIC THEORY, OSCILLATIONS AND WAVES. 


SECTION - 1 


Only One Option Correct Type 


This section contains 15 multiple choice questions. Each 
question has four choices (а), (b), (c) and (d) out of which ONLY 


ONE is correct. 


1. How much should the pressure be increased in 
order to decrease the volume of a gas by 5% at a 


constant temperature? 
(a) 32696 
(с) 626% 


(b) 526% 
(4) 426% 


2. A spring is loaded with two blocks m; and mz 
where m is rigidly fixed with the spring and mz 
is just kept on the block тү. The maximum energy 
of oscillation is possible for the system having the 
block тз in contact with nr; is 


4 
meg 
@ 1 
2-2 
"dg 
© x 


mg 
2k 


(m *myg 


(d) 2k 


3. If y, v and a denote the displacement, the velocity 
and the acceleration of a particle executing simple 
harmonic motion of time period T. Then, which of 
the following does not change with time? 

(b) aT +2nv 

(d) а2Т?+4л%? 


(a) аТ/у 
(c) aT/v 

4. A particle of mass m is 
attached to three 


identical spring A, В 
and C each of force 
constant k as shown in 
figure. If the particle 
of mass т is pushed 
slightly against the 
spring A and released, 
then the time period 
of oscillation is 


8 — PHYSICS FOR YOU | JANUARY 14 


w 


nf 9) 25 2k 
m m 

© |" (4) ax n 

A column of air and a tuning fork produce 4 beats 

per second when sounded together. The tuning 

fork gives the lower note. The temperature of air 

is 15°C. When the temperature falls to 10°C, the 

two produce 3 beats per second. Find the frequen- 

cy (in Hz) of the fork. 

(а) 100 (b) HO (с) 120 (d) 130 


A pipe of length h, closed at one end is kept in a 
chamber of gas of density p. A second pipe open 
at both ends is placed in second chamber of gas of 
density ру. The compressibility of both the gases is 
equal. The length of the second pipe if frequency 
of first overtone in both the cases is equal is 


Po ъ ii P 
[7 3 үр, 


© ү [EN 
1 2 


An object of specific gravity s is hung from a 
thin steel wire. The fundamental frequency of 
transverse standing waves in the wire is 300 Hz. 
The object is immersed in water, so that one half 
of its volume is submerged. The new fundamental 
frequency (in Hz) is 


1 д 
(а) 300, (ez) (b) 300, Е 


25-1 
© Е ) (d) so = | 


A balloon contains 1500 m? of helium at 27°C and 
4 atmospheric pressure. The volume of helium 
at -3°C temperature and 2 atmospheric pressure 
will be 


(a) 2 


4 
© зА 
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10. 


1. 


12. 


10 


(а) 1500 m3 
(c) 1900 т? 


(b) 1700 m3 
(d) 2700 m3 


A rod of mass т and length | is connected by two 
spring of spring constants k and kz, so that it is 
horizontal at equilibrium. What is the natural 
frequency of the system? 


"EE kp ek "E 2k,b? + kl? 
2n\ т? лү m? 
"mE kib? +2 @ 2 З(кур2 + k,l") 
2л} 2m? 2л т? 


If three molecules have velocity 0.5 km 571,1 km 1, 
and 2 km s^! respectively. What is the ratio of the 
root mean square speed and average speed. 

(a) 0.5 (b) 075 

(с) 113 (d) 173 


In Melde's experiment, a string vibrates in 3 loops 
when 8 р were placed in the pan. What mass must 
be placed in the pan to make the string vibrate in 
5 loops? 

(a) 288g (b) 388g (c) 488g (d) 588g 


A uniform rod of length / and 

mass M is pivoted at the 

centre. Its two ends are 

attached to two springs of 

equal spring constant k. The 

springs are fixed to rigid support as shown 
in figure and the rod is free to oscillate in the 
horizontal plane. The rod is gently pushed through 
a small angle Ө in one direction and released. The 
frequency of oscillation is 


2k 1 [к 

(a) 2x 6M (b) zn 
1 jók 1 [24k 

© үм @ үм 
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13. The x-f graph of a particle undergoing SHM is as 


M. 


15. 


shown in figure. The acceleration of the particle at 


é. 
1--sids 
3  x(em) 
E 
L| eere emet o) 
E 
(a) E ems? (b) -E ems? 
2 
s ung? Bau 
(c) 32 cms (d) 32" cms 


The length of second pendulum is 1 m on earth. If 
mass and diameter of the planet is doubled than 
that of earth, then length becomes 
(а) 1m  (b2m (с) 0.5m (d) 4m 
Graph of specific heat at constant volume for a 
monoatomic gas is 

Cy Суд 


(а) 
су. Суд 


© "T (d) 


SECTION - 2 
One or More Options Correct Type 


This section contains 10 multiple choice questions. Each 
question has four choices (a), (b), (c) and (d) out of which ONE 
or MORE are correct. 


16. 


17. 


Three simple harmonic motions in the same 

direction having the same amplitude A and same 

period are suspended. If each differs in phase 
from the next by 45°, then 

(a) the resultant amplitude is (1 *42)A 

(b) the phase of the resultant relative to the first 
is 90* 

(c) theenergyassociated with the resulting motion 
is (3: 242) times the energy associated with 
any single motion. 

(d) the resultant motion is not simple harmonic. 

The function x = Asin?ot + Bcos^ot + Csinot созо! 

represents simple harmonic motion for which of 

the option(s)? 
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18. 


19. 


20. 


21. 


12 


(a) forall values of A, B and C (C #0) 
(b) A=B,C=2B 

(©) A--B,C-2B 

(d) A -0 


A wave equation which gives the displacement 
along the y-direction is given by у = 10~“sin 
(60! + 2x) where x and y are in metre and t is time 
in seconds. This represents a wave 

(a) travelling with a velocity of 30 m 57! in the 
negative x direction 

of wavelength z m 

of frequency 30/1 Hz 

of amplitude 10 m travelling along the 
negative x-direction 


(b) 
(с) 
(4) 


Two blocks A and B each of mass т are connected 
by a massless spring of natural length L and 
spring constant К. The blocks are initially resting 
on a smooth horizontal floor with the spring at its 
natural length as shown in figure. A third identical 
block C, moving on the floor with a speed v along 
the line joining A and B, collides with A. Then 


E A L B 
[r.e [ronn] 
(a) The maximum compression of the spring is 
оүт/к 
(b) The maximum compression of the spring is 
vym/2k 


(c) The KE. of A-B system at maximum 
compression of the spring is zero. 

(d) The К.Е. of A-B system at maximum 
compression of the spring is mv?/4. 


The equation of SHM of a particle started at t = 0 
is given by 

x=5 sin (20! + 7/3) 
where x is in centimetre and t in second. Which of 
the following statements are correct? 


(a) 
(b) 


The particle first comes to rest at time T s 


The particle first have zero acceleration at time 
n 

— 3 

30 


The particle first have maximum velocity at 


(©) 


(d; 


The particle first have maximum acceleration 


attime s 
60 
A wave disturbance in a medium is described by 


yt оошо soe +5 Мә 
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24. 


where x and y are in metre and t is in second. 
(а) A node occurs at x = 0.15. 

(b) Ana antinode occurs at x - 0.3 m. 

(c) The speed of wave іѕ5 ms“. 

(d) The wavelength is 0.2 m. 


A stationary observer receives a sound of 
frequency vp = 2000 Hz. The apparent frequency v 
varies with timeasshown in figure. Speed of sound 


Up is 300 m s~!. Choose the correct alternative(s) 
w(Hz) 


в) 


(а) 
(b) 


Speed of source is 66.7 m s! 

v,, shown in figure cannot be greater than 
2500 Hz 

Speed of source is 33.33 m s! 

v,, shown in figure cannot be greater than 
2250 Hz 


(о 
(9 


А sonometer wire resonates with a given tuning 
fork forming standing waves with five antinodes 
between the two bridges when a mass of 9 kg 
is suspended from the wire. When this mass is 
replaced by a mass M, the wire resonates with the 
same tuning fork forming three antinodes for the 
same positions of the bridges. The value of M is 
(a) 25kg (b) 5kg 


T 
12.5 ky d) == 
© g @ Ske 


A block of mass m is attached to 

a massless spring of fore [m 
constant k, the other end of 
which is fixed from the wall of 
a truck as shown in figure. The block is placed 
over a smooth surface and initially the spring is 
unstretched. Suddenly the truck starts moving 
towards right with a constant acceleration ау. As 
seen from the truck 

(a) the particle will execute SHM 


(b) the time period of oscillations will be af” 
mag 


(c) the amplitude of oscillations will be E 
2.27 
т?аў 


(d) the energy of oscillations will be k 


25. A particle of mass m executes simple harmonic 


motion with amplitude A and frequency v. The 
average kinetic energy during its motion from the 
position of equilibrium to the end is 
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(а) 2л2тА202 (b) л2тА202 


(с) in A? (d) 4л2тА202 


SECTION 


Paragraph Type 


This section contains 2 paragraphs each describing theory, 
experiment, data etc. Four questions related to two paragraphs 
with two questions on each paragraph. Each question of a 
paragraph has only one correct answer among the four choices 
(a), (b), (c) and (d). 
Paragraph for Questions 26 and 27 
Two identical blocks P and О have mass т each. They 
are attached to two identical springs (of spring constant k) 
initially unstretched. Both the blocks are initially in 
contact as shown. Now the left spring (attached with 
block P) is compressed by A/2 and the right spring 
(attached with block Q) is compressed by A. Both the 
blocks are then released simultaneously. 
ARAA 


Smooth horizontal floor 


26. The speed of block Q just before P and Q are about 
to collide for the first time is 


kA 
@ qu; (b) [Ea 


k 
© Vini (d) None of these 
27. After what time when they were released from 
rest, shall the blocks collide for the first time? 
nm [nm m 


@ NT €) m 


x [т 
(c) zf 


Paragraph for Questions 28 and 29 
Figure shows a clamped metal string of length 30 cm 
and linear mass density 0.1 kg m!. Which is taut at a 
tension of 40 N. A small rider (piece of paper) is placed 
on string at point P as shown in figure. An external 


(d) None of these 


vibrating tuning fork is brought near the string and | 


oscillations of rider are carefully observed. 
30 cm. 
f IEEE 
10cm 
28. At which of the following frequencies of tuning 
fork, rider will not vibrate at all 


(a) Mhz (Ы) 50Hz 
(© 200 Hz (d) None of these 
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29. At which of the following frequencies the point 
P on string will have maximum oscilliation 
amplitude among all points on string 


(b) 100Hz 
(d) None of these 


(a) My 
(c) 200 Hz 


SECTION 
Matching List Type 


This section contains 2 multiple choice questions, Each question 
has matching lists. The codes for the lists have choices (a), (b), 
(©) and (d) out of which ONLY ONE is correct. 


30. Match List I with List II and select the correct 
answer using codes given below the Lists. 


List I | List II | 
Р 1. pags P t 
kh ky hk 
25 m 
Q Т=2к, 
h (К +k) 
k 
| 
R. 3. 
k 
k 
5 
Codes 
P QR S 
1 4 3 2 
2 3 4 1 
(Q2 1 3 4 
@4 1 2 3 


31. 


Match List I and List II and select the correct match 


as List I 
P. | Tuning fork Aof frequency | 1. 
256 produces 4 beats per 
sec with fork B. Frequency 
of B may be 
О. | A is loaded slightly. Beats | 2. 
| frequency decreases 
| Frequency of B is 
R. A is filed slightly. Beats 3. 
frequency decreases. 
Frequency of B is 


List II 
128 


260 


252 


S. If A were octave of B, 4. 264 
frequency of B is 

Codes 

Р 
(a) 1 
(b) 2 
(c) 4 
(d) 1 


ч ooMO 
NNO 
He aD 


4 


SECTION - 5 


Assertion-Reason Type 


This section contains 4 questions. Read the two statements in 
the following questions. Of the four choices given, choose the 
one that best describes the two statements... 


(a) 
(b) 


(9 
(d) 


32. 


33. 


Statement-l is true, Statement-II is true; Statement-l is а 
correct explanation of Statement-l. 

Statement-l is true, Statement-ll is true; Statement-II is not 
a correct explanation of Statement-l. 

Statement| is true, Statement-II is false. 

Statement| is false, Statement-II is true. 


Statement-I: An open organ pipe of certain length 
have the same fundamental frequency as closed 
organ pipe of half the length. 

Statement-II : In the case of open organ pipe, at 
both the ends antinodes are formed, while in the 
closed organ pipe at one end antinode and at the 
other end node is formed. 

Statement-I: Compression and rarefraction involve 
changes in density and pressure. 

Statement-II : When particles are compressed, 
density of medium increases and when they are 
rarefied, density of medium decreases. 


. Statement-I : When volume of a gas changes at 


constant temperature, root mean square velocity 
of its molecules remains unchanged. 
Statement-II : The r.m.s. velocity of gas molecules 
does not depend upon volume of the gas. 


35. 


Statement-I : Frequency of a particle executing 
SHM is 10 Hz. The particle is suspended from 
a verticle spring. At the highest point of its 
oscillation the spring is unstretched. Maximum 


speed of the particle is x ms", when g- 10 т s?, 
m 


Statement-II : Maximum speed of particle, 


Vmax = AW and w = 270 = 


SECTION - 6 


Integer Value Type 


This section contains 5 questions. The answer to each question 
is a single digit integer, ranging from 0 to 9 (both inclusive). 


36. 


37. 


38. 


39. 


A particle is moving on x-axis has potential energy 
U = (2 - 20x + 5x?) J along x-axis. The particle 
is released at x = — 3. If the mass of the particle is 
10 kg, then find the angular frequency of the 
particle (in rad s). 

A sphere of mass M and radius R is on a smooth 
fixed inclined plane in equilibrium as shown in 
the figure. If now the sphere is displaced through 
a small distance along the plane, what will be 


angular frequency (in rad 71) of the resulting 
SHM? (Given К = 4M/3). 


Speed of sound in air is 332 m s^! at NTP. What 
will be the speed of sound (in km $1) in hydrogen 
at NTP if the density of hydrogen at NTP is (1/36) 
that of air? 


A bus is moving with a velocity of 5 m s! 


towards a huge wall. The driver sounds a horn of 
frequency 165 Hz. If the speed of sound in air is 
335 m 571, the number of beats heard per second 
by the passengers in the bus will be 


. A wire of length 128 cm produces a fundamental 


note of frequency 256 Hz, when stretched by a 
weight of 1 kg. By how much its length should 
be increased so that its frequency is resonates at 
288 Hz, if it is now stretched by a weight of 4 kg? 


1. 


(b): Let initial pressure is P and initial volume is V. 
As the volume of gas is decreased by 5%, 
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New volume, V; = 


Since at constant temperature 
PV = constant 


New pressure P, = 2 = Р 
v (95/100)V 95 
% increase in pressure 


=| 2—— [x100 =| — -1 |x100 
(В) (2-) 
(5-ю 526% 


(d): Let x be the required amplitude of oscillation. 
For this amplitude of oscillation the normal 
contact force between the blocks can be given by 
R- mg = та 
where, acceleration t 
=- 0x 
R- mg =- mox R 
For maximum amplitude of Me Ї 
oscillation without loosing contact 
of block то with block m, 
R=0. 
we get, 
x= glo? 
where w is the angular frequency of oscillation of 
(my + ту) and spring. Therefore 


2 k 
[o] or Q^ 2———— 
(mj +m) (m +m) 


(ту +my)¢ 
IE: 
Hence, the maximum energy of oscillation 
(n emyg 

i 2k 
(c): In S.H.M,, displacement, y = A sinot 


=> 


=— = Awcoswt 
dt 
and a= s. --Ao! sinat =-@^у 


aT _-wAsinwtxT 
v ФА ѕіп ot 


=-өт=-Ї#хТ=-2л 7 constant 
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further aT + 2ло and @?T? + 4л202 are also not 
constant. T 

Hence, out of given options, ^— will not change 
with time. g 

(b): When the particle of Fy Fo 
mass m at О is pushed #В, 

by y in the direction of 

A, the spring A will be 


compressed by y while оў" 
springs В and C will be 
stretched by у = y cos 45°. n 


So the total restoring force 
on the mass m along OA, 
R.F. = F} + Ер cos 45° + Fe cos 45° 
Ку + 2ky' cos 45° 
ky + 2k(y cos 45°) cos 45° = 
where К = 2k 


T= 2x7 =2: E 
xt TN 2k 


(b): Let the frequency of the tuning fork be v Hz. 
Frequency of air column at 15*C =v +4 
Frequency of air column at 10*C =v +3 
According to v = vA, we have 

015 = (о + 4). and vip = (0 + 3)А 

95 v4 d) 

Vip v3 
The speed of sound is directly proportional to the 
square root of the absolute temperature. 

Dia. 


15-273 [288 ái) 
vio \10+273  V288 


Equating (i) and (ii), we р 


v+4_ [288 (s | 
"HE 283 as) 
5 
1+— =1+1 х=—=1+—— 
Е; sd 2 a 566 
ee 
0+3 566 


= v+3=113 >v=110Hz 

(b): Frequency of first overtone in closed pipe, 
m. iE |- В] И" 
Ch 4h р 

Frequency of first overtone in open pipe, 


; 202 P 
х= 22 Т] 
2 5% P2 


As vsv 
From equations (i) and (ii), we get 


|y 
a Үр h 


(a): The fundamental frequency is 


si 
24и 


T-mg-Vpg [> т= Vo] 


.1 |у А 
"AVE 0) 


When the object is half immersed in water the 
apparent weight of object, 


Т = mg - upthrust 
= Ур&- (У/2)р„& = (V/2)gQp - Pio) 
The new fundamental frequency is 


In air, 


" T T 
== |— ali 
zx (ii) 
1 
= ves а) 
25 
©: specific gravity (s) = relative density 
_ density of object (p) 
density of water (p,,) 
(d): V; = 1500 m3, T; = 27°C =300 K 
=4atm, T)=-3°C=270K 
Ру=2 айп 
According to ideal gas equation 


КИР? 


V, Т, _4х1500х270 
FW ЧИК ы „ысы 
Р, 300х2 


(d): Let rod is displaced by ап angle 6, taking 
torque about edge of rod 


=2700 m? 


k,bO х рсоѕ + КӨ х Ісоѕе 


ni? 3 
Here, I= 3 and Ө is small cos = 1 
[7] 


AS 
SS 


mi^ De b? +6,2)0=0 


_ (kb? +0 Ke 


т? 


10. (с): Root mean square speed, 


12. 


v? 


Vrms = N 
2 2 2 
= 05) +0) 00у isis 525 st 
3 3 
-4175-132 km s! 
Average speed, 
5-25 kms” A km s^! 2147 km s! 
Thus the ratio, 22:8. = 132 km 8.115 


vU 117kms 


. (a): Stretching force in string when, 


T,=mp=8g wt 

Number of loops, n =3 

Let the stretching force be Tz 
When the number of loops = 5 


As frequency of vibration ъ= 2 M 
8 gwt , 
y= sel 
Case L vy = 5) т (i) 
5 fr 
Case П. v, = — |-2- E 
ase П. v, ayu (ii) 


As in the bha cases the frequency of vibration is 
same i.e., 01 = 


or 3, 8g wt -5/r, 


Squaring both sides, we get 
9(8 g wt) = 25T> 


mass = 2.88 g 


(c): If the rod is rotated through an angle Ө, 
extension in one spring = compression in the 
other spring, 


ie, x= 10/2 (19/2) 
Therefore, force acting on each of — 2 
the ends of the rod, ^ 

F = kx = k(10/2) 


Restoring torque on the rod, 
= -Fl = —k(10/2)l = -kl?(0/2) 
As т= Іо = (MP?/12)o, 


-Kk(0/2) = (MI?/12)a. 2 

6k, . —. 

or a=-—8, ie,0«0 — 
M (10/2) 
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13. 


14. 


15. 


16. 


Thus, the motion of the rod is simple harmonic 
with 


M 


(d): The given curve isa sine curve with amplitude | 


A=1cmand T=8s, 
2n Roa 
о=21-1 


T 4 


If it is represented by y = A sino, 
accelertation, 


=-0? Asinot = (x/ 4) (D)sin| 53 
a=-0F Asinot = -(л/ AY ()sin| Px 


[о к= 


өө 


| 
Ln еле | 
= 1603/2) =- ут cms 


(с): Time period of a second pendulum is 2 s. 
When second pendulum is on earth, then 


2 
rex fi or 2-234 EX. 
Н 


Ug fi) 


When second pendulum is on the planet, then 


QCR хг 
B GoM) 


2801 
GM 


2= 


(с): For a monotomic gas, ү = z 


Specific heat at constant volume 


Here, Cy is independent on T. Hence the graph 


will be a straight line of Cy = * parallel to T | 
axis. 
(a,c) : Using the principle of superposition, 
Уту жу +уз 
sin((ot + 45°) + Asinot + Asin(wt — 45°) 
[sin(ot + 45°) + sin(wt — 45°)] + Asinof] 
= 2Asinot cos 45° + Asinot 
= V2 Asinot + Asinot 


PHYSICS FOR YOU | JANUARY "14 


17. 


18. 


y= (1+ V2)Asinot 
Amplitude of resultant motion = (1+ v2)A. 
Hence option (a) is correct. 
Option (b) is incorrect because the phase of 
resultant motion relative to the first is 45° not 90°, 


[ Balm al 
2 


-(94242) 


E = (amplitude)? 


Eresultant _ (1+ Jay A? 
Еле А? 
=(3+2 V2) 
— Елам = (3 +2 V2)E single 
Hence option (c) is correct 
Option (d) is incorrect as the resultant motion is 
simple harmonic. 


(a,b,c) : x = Asin^ot + Bcos?ot + Csinwt coswt 
1-cos2ot 1*cos2ot ), Csin2ot 
or х= ALTA jen + 


2 2 


[om 

(a) ForA-0,B-0, х= zsinor 

This represents SHM. Hence option (a) is 
correct. 

For A =B, C=2B — x =B + Bsin2wt 

This represents SHM of amplitude B. Hence 
option (b) is correct. 

For A =-B, C- 2B, 

x = Bcos2ot + Bsin2ot 


ens) 


(9) 


This represents SHM Hence option (c) is 
correct. 

ForA-B,C-0,x-A. 

This does not represent SHM. 


(a,b,c,d) : Here, y = 10^ вїп(60! + 2x) 
Comparing the given equation with the standard 
wave equation travelling in negative x-direction 
у= Asin (ot + kx) 
We get amplitude, А = 104 m 
Also, о = 60 rad s^! 
2nv = 60 


(d) 


=> v= 3, 
т 


Also, k=2 


2n 


э 52 әл-пт 


Again the velocity of wave v= Av 


=пх30 30 ms 
n 


19. (b,d) : After collision of C with A, let velocity 


20. 


21. 


acquired by A and B be v' and spring gets 
compressed by length x. Using law of conservation 
of linear momentum, we have 

mo = то + то" 
or 0'= 0/2 
Using law of conservation of mechanical energy, 
we have 


1 ne? =} nv? +b mo? 102 
2 2 2 2 


m 
m? =m{ 2 | «m| 2 | +ю? 
2 2 


or 
2 
то" 
or "Sly? 
2 
1/2 
г x=0 т | 
ог x= 
2k 


At maximum compression of the spring, the К.Е. 
of A-B system will be 


- Р ? 
21500 +102 = mo? = m{ 2) = 
2 2 2 4 


(a,b,c) : Here, x = Ssin(20r+ Н } 


л A=5em;o=20radst 
The particle will first come to rest when x=5 cm 


5= С 
3 


т т 
in| 2014+ = |-1- sin* 
or s ) sin 


э 2Wt+Ž=Ž rag. R.t 
32 23 6 
т 

ot t=— s 
T20 


The particle will have zero acceleration or 
maximum velocity while first passing through 
the mean position ie. x= 0. 


=> 0= ШЕ =зїпл 


20t+Z =n or t= s 
3 0 


The particle will have maximum acceleration 
at extreme position, where x = 5 cm, for which 
t n/120 s. 


(a,b,c,d) : Here, 
ODE one 50nt +5 Ма 


A=0.02m 
в =50л rad st, k= 10r rad m! 


Here, 


23. 


9 508 Баі 
k 10x 
Option (c) is correct. 


Displacement node occurs at 
Зл 1 3 
= etc.or x=—, — 
2 20° 20 


2 Velocity, v= 


10nx ==, 
2 


or x-0.05 m, 0.15 m etc. 
Option (a) is correct. 
Displacement antinode occurs at 
10лх = 0, л, 2n, 3n etc. 
ог x=0,0.1 т, 0.2 m, 0.3 m etc. 
Option (b) is correct 
Wavelength, A. = 2 х distance between two consecutive 
noes or antinodes 
=2x0.1=0.2m 
option (d) is correct. 


(c,d) : The graph shows the 
situation shown in figure. 
The observed frequency 
will initially be more than 
the natural 

frequency. When the source is at P, observed 
frequency is equal to its natural frequency i.e., 
2000 Hz. 


| Е 


v 
For region PB, v= v| — —— 
emp = z) 


Minimum value of v will be 


v 
Vein = —— 
mn (5) 


or 1800-2000 20° 
300 v, 


(when cos@ = 1) 


Solving this we get, v, = 33.33 m s! 
and maximum value of v can be 


Е v 
Vmax = Vol PEFS 


300 
= 2000| —— À— — |= 2250 Н: 
Pmax ( 300- = он 


(when cos0 = 1) 


or 


(a) : The frequency of vibration of a string is given by 
v- 2. |1 
ИЛ 


where р = number of loops (or segments) 

= number of antinodes. 
The other symbols have their usual meanings. 
According to question, 


PHYSICS FOR YOU Ї January "14 19 


24. 
25. 


26. 


27. 


5 рез [Ме ы э. 
үш. 21\{ и 


(a,b,c) 
(b,c) : For a particle to execute simple harmonic 
motion its displacement at any time t is given by 
y(t) = Acos(ot + 6) 
where, A = amplitude, = angular frequency, 
$ = phase constant. 
Let us choose ф = 0 
y(t)  acosot 
T P dx Л 
Velocity of a particle v= qu -aosinot 
Kinetic energy of a particle is K = mo? 
- Jma? o? sin^ot 
Average kinetic energy < К> 
-<1 ннде» 
= т?л? <sin? wt > 
=} n?A2( 2) = logia? 
2 2) 4 
= 1 mA?(2m0)? 
4 [^ ®=2лъ] 
- mA? 02. 
(b): As the right spring attached with block Q is 
compressed by A 
Since F 
m 
Here, speed of Q just before collision is 
k 
Vg =@A=,/—A 
erede 
(a): The blocks shall meet after time t= T/4, where | 


T is time period of either isolated spring block 


system, 
Tl, n= ат 
4 4 
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t 


28. (с): Wave velocity in string is 


= |1. |40 Lom s 
u 0.1 


Fundamental frequency of string oscillation is 

v = 2 = 20 100 

0221706 3 

Thus string will be in resonance with a tuning 
fork of frequency, 

v, -Mhz Mi, 100Hz, Sn. 
(d): Here rider will not oscillate at all only if it is 
at a node of stationary wave in all other cases of 
resonance and non-resonance. It will vibrate at 
the frequency of turning fork. At a distance 1/3 
from one end node will appear at 3rd, 6th, 9th 
or similar higher harmonics ie. at frequencies 
100 Hz, 200 Hz, ..... 
1f string is divided in odd number of segments, 
these segments can never resonate simultaneously, 
hence at the location of rider, antinode is never 
obtained at any frequency. 


. (c) : P-2; Q-1; R-3; 5-4 


In figure (P), the effective spring constant, 


im m 
K-h tk; әТ=2л|=2 
rdi т MET 


In figure (Q), the effective spring constant 


I E l 
K kh k 
kik mk + ky) 
or kc 12 Im 1+ 
(pe) NK kik 


In figure (R), the effective spring constant, 


т т 
K=k+k=2% > Т= 2л, |" 2л, |1 
Б "Үк VDE 


In figure (S), let the effective spring constant be 
К. If mass т be pulled down by distance y, the 
springs A and B will be stretched by 

у = y cos 45° 
Total restoring force is 
F=- Ky = Е, cos 45° + Р cos 45° = (Е; + F,)cos45° 

= 2k cos 45° 

2k(y cos 45°) cos 45? = ky 
K=k 


T E 
K 
T- an |" 
k 


31. 


32. 


35. 


36. 


37. 


(b): P-2; О-3; К-4; 5-1 

Possible frequencies of B are 256 + 4 = 260 or 252 
When A is loaded, its frequency decreases. 

As beats frequency decreases, frequency of 
B-252. 

When А is field slightly, its frequency increases 
to 264. As beats frequency decreases, frequency of 
В = 260. When A is octave of B, frequency of 
В = 256/2 = 128. 


(b) 


*: 3P 3P 3PV 
rg, a му NM 


At constant temperature, PV = constant 
Urms = constant 


33. (a) 


(a): Mean position of the particle is тт distance 


below theunstretched position ofspring. Amplitude 
of oscillation is 
Jie TE 


k 
k 
and =,/— -2zv-21x10- 20x 
m 
up Wl ol 
k 400r? 


Maximum speed of particle, v, = Aù = 


1 i; Jpon= sem 
400r Qn 


: Неге, U = (2 - 20x + 5x?) 


e} 


a) 
or a- E -10(x-2) 
dx 


Hence, force constant k = 10; m = 10 kg 


Angular frequency, w= 1rad st 


m 
(1): The sphere is moved down through a distance 
x, then elongation in the spring = x cos 30° 


(2): The velocity of sound in air is given by 
ҮР 
P 


Puy x Pat „ м [at NTP P,,, = Py] 
EMEN 
p -332x Е. =1992 ms 


=2kmst 


Thus speed of sound in hydrogen nearly equal to 
2kms! 


v 


UH. 


Vair 


ог Vy =VairX 


39. (5): Given: vo = 5m s, v = 165 Hz, v = 335 m s”! 

335+5 
ert ху = 335- 

Therefore, number of а heard per second 

=v-v'=170-165=5 

(1): In first case 

0 = 256 Hz, 1 = 128 cm, T= 1 x 1000 x 980 dyne 
1[r 


As v-— |— 
2i\ y 


у= 2+0 535-5165 =170 Hz 


__1_ [1х1000х980 
~ 2x128 u 
In second case. 
v = 288 Hz, T - 4 x 1000 x 980 dyne 
Let the length of the wire be increased by x cm. Its 


wali) 


new length will be 

L'-L*x- (28x) cm 
Now v =-Ł [T 

2L'\ u 
1 [4х1000х980 

288-.— 1. 2210005980 E 
9t 2х(128+х) M ш) 
Dividing (i) by (ii), we get 

2% _128+х 1 

288 18 J4 

8 _128+х 

37 256 
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1. 


Thought 


Provoking 


A vessel contains two 
immiscible liquids of 
density p, = 1000 kg m? 
and p, = 1500 kg m3. A 
solid block of volume 
V = 102 m and density 
d=800kgmistiedto E 
to one end of a string and other is tied to the 
bottom of the vessel as shown in figure. The block 
E 


is immersed with 2 of its volume in the liquid 
th 


of higher density and B in the liquid of lower 


density. The entire system is kept in an elevator 
which is moving upwards with an acceleration 
of a = g/2. Find the tension in the string. 
(Take g = 10 m 572). 

A triangular plate is submerged in a liquid 
of density p as shown in figure. What is the 
hydrostatic force on one face of the plate? 


hy) * y * hi 


A glass tube in the form of an equilateral triangle 
of uniform cross-section is as shown in figure. It 
lies in the vertical plane, with base horizontal. 
The tube is filled with equal volumes of 
three immiscible liquids whose densities are in 


E 


Шет 


By : Prof. Rajinder Singh Randhawa* 


arithmetic progression. Determine the length x as 
shown in figure. 


A U-tube shown in figure rotates with angular 
velocity о about the vertical axis АВ. What is the 
difference in fluid level h in terms of o, the radii r 
and the fluid density p. 


b 
Consider a horizontal tank with an orifice of 
circular cross-section at the bottom. Assume 
R, radius of the tank; L, length of the tank ; Hj, 
ial height of the liquid; H», final height of the 
liquid. Determine the time taken to emtpy the 
tank from Н; to H5. 


m] 


Hj h 
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6. A cylindrical vessel of area of cross-section A and 
filled with liquid to a height h has a capillary tube | 
of length Гапа radius r protruding horizontally at 
its bottom. If the viscosity of liquid is n, density p 
and g = 9.8 m 52, find the time in which the level 
of water in the vessel falls to Л. 


1. We analysed this 
problem from the 
reference frame of 
elevator. 

Total buoyant force 
on the block, 


2 3 
Fy -(2ve, +30 eso 
For equilibrium, 
F,=T + Vd(g +a) 
or T=F,-Vd(g+a) 


2 3 
NUES 
т={ш+%® Jar “(2 х1500+ 3100-80) 


=6N 
2. Force on the element, 
dF = [pg(y + holy) dy 
where, у) is the length of differential element at 
distance y from the top and dy its thickness. 
Total force is obtained as 


F= Јағ = рзи + ау -@ 


0 
We use property of similar triangles on ААВС and 
AADE, then 


Zevigta ZriVig+a) 


Vda T Vig 
(Pseudo force) 


Kv) v 
b 
3 m 
Ky) ri -. (ii) 


Put (ii) in (i), we get 


r= [oet (Poor ве ^e] 
0 a AE 
3. Pressure at A, 


Due to left arm, P= d(l — x)sin60? + (d + 2y)gx sin60” 
Due to right arm, P= dgx sin60° + (d+ y)g (1— x)sin60? 
Equating the two values of pressure for equilibrium, 


УЗ хуз х3 Уз 
2 


Еа x). Ot- +l- +g 
г (l- Ay (d 29) xd (1 3) 89) 
or Id—xd+xd+2xy= xd ld ly - xd xy 
= 2yx-y(l-x) or 2х=1-х 
x-l 
3 
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Let Vmin be the lowest point on the dotted parabola 
shown. 


no! no? 
n= 2g *Vmin and MES 
(r2 =r? )o? 
kahya 


Consider a layer of thickness dh at a height h from 
base. 


Volume of liquid in this laye 


QxDdh ... (і) 
Volume of liquid flowing through orifice in time 


-a 2gh-dT ~ (ii) 
-2xL-dh 
~2xL-dh=a\2gh-aT = dT- 
oe ne a gh 
From triangle OAB, 


x= JR? -(a- ny =V2Rh-h? 
-2L [2R-h) -dh 
qg 


EN. 


QR- ih)? -dh 
afs оң, J 


AL 3/2 3/2 
T =——((2R -H,)9/? -QR-H,y?] 
3a. he 2 1 
Let h be the height of water level in the vessel at 
instant ! which decreases by dh in time dt. 


Rate of flow of water through the capillary 
tube 


dT- 


т=јат= 


dh 7 
v=-a(#) E 
Ji @) 
Further, rate of flow from Poiseuille theorem, 
A 
AP (ii) 
8л! 


The hydrostatic pressure at depth л is P = pgh. 
From eqn. (i) and (ii), we get 


Ah „ле“ 
а 8 
~8nlA йн 


mw h 
Integrating both sides, we get 


зата pan 8nlA 
прат h ! npgr* um ни 


t P=pgh) 


dt= 


t= fat- 


p = CE V > в Ew 1 | 
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VERI- SIMILAR 


PRACTICE PAPER 2014 


AIPMT Special 


Figure shows the distance-time graph of the 
motion of a car. It follows from the graph that the 
car is х, 
(а) atrest 

(b) in uniform motion 

(c) in non-uniform motion 

(d) uniformly accelerated 


A stone is thrown at an angle 0 to the horizontal 
reaches a maximum height H. Then the time of 


flight of stone will be 
2H 

(b 2|— 

Y H 


@ BH 
8 
(б 2 Hsine 2Hsin& 
8 


A particle is projected at 60° to the horizontal 
with a kinetic energy К. The kinetic energy at the 
highest point is y 

(a) K © т 
If the energy, E = G'Ir'c', where С is ће universal 
gravitational constant, h is the Planck's constant 
and c is the speed of light, then the values of p, q 
and r are, respectively 


(4) 


(b) zero [Es 


-11 5 1-1 -5 
=,= > b) =,= = 
@ jJ, gand 3 O 5, and 
11,3 12, 423 
© F,5and 5 (d) 5, амі 


In figure, all three rods аге of 

equal length L and same mass 
M. The system is rotated such 
that rod B is the axis of rotation. 
What is the moment of inertia of 


Qui. 


the system? 
м? м? d exo 2р5 
“ NE - E 
(a) 3 (b) 6 (с) git () 3 


The change in the gravitational potential energy 
when a body of mass m is raised to а height nR 


10. 


n. 


Exam on 
4th May 


above the surface of the earth is (here R is the 
radius of the earth) 


: 
o Cs pn 


(c) пт К 


п 
(b) (s c ys 
DE 

" ^ ^ A 
Force acting on a particle is Ё =(6 i -8j +10k) N, 
accelerates it with IĀ1=1ms™°, The mass of the 
particle is 


(а) 10/2 kg (b) 2/10 kg 
(c) 10kg (d) 20kg 


A body floats in water with one-third of its volume 
above the surface of water. If it is placed in oil, it 
floats with half of its volume above the surface of 
the oil. The specific gravity of oil is 
5 4 3 
өз 05 OF 
The excess of pressure inside the first soap bubble 
is three times that of inside the second bubble. The 
ratio of volume of the first to that of the second 
bubble is 
(а) 1:3 (Ы) 1:9 (с) 1:27 (d) 9:1 


Certain amount of gas is sealed in a glass flask at 
1 atmospheric pressure and 20*C. The flask can 
withstand up to a pressure of 2 atmosphere. Find 
the temperature to which the gas can be heated so 
that the flask doesn't break. 

(а) 513°C (b) 413°С (c) 313°C (d) 213°C 


Two masses M and M/2 are 

joined together by means of light 
inextensible string passing over 
a frictionless pulley as shown in 
figure. When the bigger mass is 
released from equilibrium position, 
the smaller one will ascend with an 
acceleration of М 


oi o3 @ & 


(d) 1 


M2 


(Qs 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


28 


The third overtone of an open organ pipe is in 
resonance with the second overtone of a closed 
organ pipe. If the length of the open pipe is 
8 cm, then the length of the closed pipe is 

(a) 10cm (b) 8cm (с) 12cm (d) 5cm 

If Q, E and W denote respectively the heat added, 
change in internal energy and the work done in a 
closed cyclic process, then 

(a) W=0 (b Q-W-0 

(с) E=0 (d) Q=0 

Two massless springs of force constants К, and kz 
are joined end to end. The resultant force constant 
K of the system is 


ky +h k-k 
Ate b 
i hk, e hk, 
kk К 
hh ay hh. 
© th rers 


А body constrained to move in the y direction 
is subjected to a force Ё=(27+15/ +6) №. 
The work done by the force in moving the body 
through a distance of 10 m along y-axis is 

(а) 100] (b) 150] (c) 60] (d) 20] 


The equation y=Asin2a| H where the 


symbols carry the usual meaning and A, T and À 
are positive represents a wave of 
(a) amplitude 2A 


Өрү. 
(b) period E 
с a 
(9 speed т 
(d) velocity in negative x-direction 


A particle is executing linear simple harmonic 
motion. The fraction of the total energy that 


is potential, when its displacement is a of its 
amplitude is 2 


1 1 1 1 
@) Os © 


In the figure below, the capacitance of each 
capacitor is 3 uF. The effective capacitance 
between A and B is 


+ í 
(a) ЗЫР (Ы) ЗЕ (9 6uF (8) Su 
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19. 


21. 


24. 


А 


27. 


Consider a car moving along а straight horizontal 
road with a speed of 72 km h”. If the coefficient 
of static friction between road and tyres is 0.5, the 
shortest distance in which the car can be stopped 
is (Take g - 10m 52) 

(a) 30m (b) 40m 

(с) 72m (d) 20m 

An @ particle is situated in an electric field of 
strength 15 x 10* N C^. Force acting on it is 

(а) 48x10 № (b) 48x10 № 

(c) 48x10^N (d) 48x 109 N 

A 2.0 cm tall object is placed 15 cm in front of a 
concave mirror of focal length 10 cm. What is the 
size and nature of the image? 

(a) 4 cm, real (b) 4 cm, virtual 

(c) 1.0 cm, real (d) none of these 


Four point charges each +] are placed on the 
circumference of a circle of diameter 2d in such a 
way that they form a square. The potential at the 
centre is m T 

0 ы м 
(a) i © q 
Half-life of a radioactive substance is 20 minute. 
The time between 20% and 80% decay will be 
(a) 20 min (b) 30 min 
(c) 40 min (d) 25 min 
If the charge on a capacitor is increased by 
2 C, the energy stored in it increases by 21%. The 
original charge on the capacitor is 
(а) 10C (b)20C (с) 30C (d)40C 


© of 


The instantaneous values of current and voltage 
in an AC circuit are given by 


" n 
1e 6sio(10nt т) v =5sin{ 1000-7) then 


(a) current leads the voltage by 45° 
(b) voltage leads the current by 90° 
(c) current leads the voltage by 90° 
(d) voltage leads the current by 45° 


A force F acting on a body depends on its 
displacement S as F 5-12, The power delivered 
by F will depend on displacement as 

(а) 5% (b) 5'? 

() 5 (d) 5-5 

А car is moving in a circular horizontal track of 
radius 10 m with a constant speed 10m s”. A plumb 
bob is suspended from the roof of the car by a light 
rigid rod of length 1 m. The angle made by the rod 
with track is 

(a) zero (b) 30 


() 4 (d) 60° 


28. 


29. 


31. 


32. 


33. 


Centre of mass of three particles of masses 1 kg, 
2 kg and 3 kg lies at the point (1, 2, 3) and centre 
of mass of another system of particles of 3 kg and 
2 kg lies at the point (- 1, 3, — 2). Where should 
we put the particle of mass 5 kg so that the centre 
of masses of the entire system lies at the centre of 
mass of the first system? 

(а) (0,0,0) (b) (1,3,2) 

(б) (1,2,3) (d) (3,1,8) 


The correct graph representing the variation of 
total energy (Ет), kinetic energy (Ex) and potential 
energy (Ep) of a satellite with its distance (r) from 
the Sate of earth is 


E 
Ke 


>r (d) o 


М 
a, 


(©) эг 
T 


E. 
Ep 


T 


. If the value of acceleration due to gravity at the 


surface of a sphere of radius r is a,,, then its value 
will be а„/3 at distance .... from centre. 


(а) Br ©) r/N8 
© 243/r (d) r/3 


А steel wire 1 т long and having 1 mm? cross 
sectional area is hung from a rigid support. When 
a weight of 1 kg is hung from it then change in 
length will be 

(Given Y 22 x 10! N m?) 

(a) 0.5 mm (b) 0.25 mm 

(c) 0.05 mm (d) 5mm 


Араз is compressed adiabatically till its 
temperature is doubled. The ratio of its final 
volume to initial volume will be 

(а) 1/2 (b) more than 1/2 

(c) less than 1/2 (d) between 1 and 2 


In the two vessels of same volume atomic 
hydrogen and helium at pressure 1 atm and 2 atm 
are filled. If temperature of both the samples is 
the same, then average speed of hydrogen atoms 
< сң> will be related to that of helium < Cre > as 


(а) <cy>=V2 «qu» (b) <cu>=<CHe> 


ERES 
() <сн>=2<с„> (d) ee >= T T 


34. 


35. 


37. 


39. 


A cylinder of radius r and thermal conductivity K, 
is surrounded by a cylindrical shell of inner radius 
r and outer radius 2r whose thermal conductivity 
is Ka. There is no loss of heat across cylindrical 
surfaces when the ends of the combined system 
are maintained at temperatures T, and T} The 
effective thermal conductivity of the system, 
under steady state condition is 


(KK) 
® ek) (b) (K+ K) 
(9 & +36) (d) Cutka 


A rod of length | and mass m is suspended 
horizontally in the middle by an inextensible 
string of length | and given torsional vibration. 
The time period of small oscillations is 

1 т 21 
(a) 3g (b) 05 (9 2g (d) " 

A resonance tube is resonated with tuning fork of 
frequency 256 Hz. If the length of resonating air 
columns are 32 cm and 100 cm, then end correction 
will be 

(а) 1ст (Ы) 2cm (с) 4cm (d) бст 
ABCD is a rectangle whose side AB = 10 cm and 
side BC = 24 cm. A charge of 0.104 ИС is lying 
at the center O of rectangle. If the mid-point 
of side BC is E, then the work done in carrying 
100 uC charge from B to E will be 

(a) 1152] (b) 2.304] 

(c) 4.082] (d) 234] 

An achromatic combination of lenses has the 
power of convex lens 2 D and ratio of dispersive 
powers of lenses are equal then the focal length of 
concave lens is 

(a) -50cm (b) 100cm (c) 20cm (d) 200 cm 


Inanastronomical telescope in normal adjustment, 
à straight black line of length L is drawn on the 
objective lens. The eyepiece forms a real image 
of this line. The length of this image is |. The 
magnification of the telescope is 
@ +t ъ tH у 2-а (а 

1 т Өт 9 тт 
In a Young's double slit experiment, let В be the 
fringe width, and let 1, be the intensity at the 
central bright fringe. At a distance x from the 
central bright fringe, the intensity will be 


(a) h (2) b) А 0 


o) ө GG) 
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L+1 


41. 


42. 


43. 


45. 


30 


A large solid sphere with uniformly distributed 
positive charge has a smooth narrow tunnel 
through its centre. A small particle with negative 
charge, initially at rest far from the sphere, 
approaches it along the line of the tunnel, reaches 
its surface with a speed v, and passes through the 
tunnel. Its speed at the centre of the sphere will Бе 
@) 0 (b) v () Уо (d) Їр 

A large flat metal surface has a uniform charge 
density *c. An electron of mass m and charge e 
leaves the surface at point A with speed и, and 
returns to it at point В. Disregard gravity. The 
maximum value of AB is 

woe 
em 


we 


(d) 


(2) i me, m wee, © 

Ge mo fom 
A and B are two points on a uniform ring of 
resistance R. The ZACB - 0, where C is the centre 
of the ring. The equivalent resistance between A 
апа Bis 


R ө 
@ тт@л-®ө (b) s(-2) 


21-0 
d) R 
@ RI 


ө 
(9 R 


. The magnetic field perpendicular to the plane of 


a conducting ring of radius r changes at the rate 
а, 

Е ‚ав 

(8) The emf induced in the ring is 3°. 


(b) The emf induced in the ring is 277 2. 


(c) Thepotentialdifferencebetweendiametrically 
opposite points on the ring is half of the 
induced emf. 

(d) All points on the ring are at different 
potentials. 


A coil of self inductance L and resistance R is 
connected to another resistance R and a cell of 
emf E, as shown in figure. The swilch is kept 
closed for a long time and then opened. The heat 
produced in the coil, after opening the switch, is 


LE? i R 
Ai 
R 
LE? E zi 
® тт = 4 
18 ау ЖЕ 
© эд? @ Fe 
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46. 


47. 


в 


49. 


The resistor in which maximum heat will be 


produced is EOS 
(a) 62 6 

b) 22 Чо 
(959 

(d) 42 


If the capacitance of each capacitor is C, then 
effective capacitance of the shown network across 


any two junctions is IN 
(a) 2C (b C 

С 2 
© > (d) 5C 


A conducting wire bent in the form of the 
parabola y? = 2x carries a current I = 2 A as shown 
in figure. This wire is placed їп a uniform magnetic 
field В = —4k T. The magnetic force on the wire 
is (in N) 


(a) -16i (b) 321 (с) -32i (d) 16i 


In the circuit shown in figure 


E R 
X, = 5С =R, the peak value MY. 
2 C 
current I, is {| 
Уу, Vo L 
e T O zm T 
A V - 
© 3 (d) ZR V= V, sin ot 


. According to Bohr's theory of hydrogen atom, the 


product of the binding energy of the electron in 
the n™ orbit and its radius in the n'^ orbit 

(a) is proportional to n? 

(b) is inversely proportional to n? 

(c) hasa constant value of 10.2 eV А. 

(d) has a constant value of 7.2 eV A 


SOLUTIONS 


1. 


(d): х=1.22, 
Velocity, v= ® = Å (1202) = 24t 
der cr aad сы 
Acceleration, a = 22 =-® (2 41) = 2.4 - a constant 
"db db 


Thus the given motion is uniformly accelerated. 


w sin? 


2g 
2usin® 


(b): Maximum height, H = 


and time of flight, T = 


where u is the velocity of the projection of the 
stone 
, T2_(2usiney _% 
a 

8H _, [2H 


5 
8 


5 
i^ 5іп20 


Here, angle of projection, Ө = 60° 
Let и be the velocity of projection of the particle. 
Kinetic energy of the particle at the point of 
projection O is 


K- ime (i) 


where m is mass of the particle. 
Velocity of the particle at the highest point (i.e. at 
maximum height) is исозб. 

Kinetic energy of the particle at the highest 
point is 


Кисов) 


КОЖИ ТИСЬ o 
= = ти? cos“ Ө = = ти“ cos“ 60° 
2 2 


2 
_ї. „лү К 
у. 


(а): Е= Сис a(i) 
Equating dimensions on both sides of equation 
(i), we get 

[M'LT? 


(Using (i) 


MPDT2y[MUT"P[LT- 

MP+ prr Tar] 

Applying principle of homogeneity of dimensions, 

we get 
-p+q=1 
3р+2д+т=2 
-2p-q-r--2 

Adding (iii) and (iv), we get 
p+q=0 v) 

Adding (ii) and (v), we get 


29-1 or =з 


7. 


From (ii) i 


-q-1-.-1--- 
р=9 2 2 


Substituting the values of p and q in equation (iii), 
we get 


-341+r=2 or re? 
2 2 


(b): It is clear from figure, rod B д 
passes through centre of rods 
A and C. Therefore, moment of 


inertia of the system about rod 


Bis 
I*1,*Ig*lc 

м? м? MP 

Т=—+0+——=—— 

12 12 6 


(а): Gravitational potential energy of mass m at 
any point at a distance r from the centre of earth is 


и--бМт 
т 
At the surface of earth r = К, 
GMm GM 
sau а (e g) 


At the height h = nR from the surface of earth 
r=R+h=R+nR=R(1 +n) 

__бМт __ mgR 
Rü +n (1n) 

Change in gravitational potential energy is 
А =, Е. 

an) 

BR nor 

1+п 


= кы 1 n 
ene 


(a): 1Р1= Б? + (8)? + (10)? = 10/2 N 


Mass of the particle, 


~(-mgR) 


(b): When the body is floating in a liquid, then 
Weight of the body = Weight of liquid displaced 
Le. Vhody Poody 8 7 Vinside циа 8 

Let V be the volume of the body. 


In water 


x 
VPbodyS = 5 VPwaterS 


2 
Pbody = 3 Pwater wai) 


PHYSICS FOR YOU january 14 31 


10. 


11. 


12. 


32 


In oil 


1 
Урьоау$ = у УРой8 


1 
Pbody = 5 Poit (ii) 
From (i) and (ii), we get 
Po 4 
Pwater 3 n 
Specific gravity of oil, = Pail 2 
Pwater 3 


(с): Excess of pressure inside the soap bubble, 
45 1 
=R 8 Pe R 
where, S is the surface tension and R is radius of 
soap bubble. 
К, 


=1 айп, P, -2 atm 
=20°C -293 К, T,-? 
Bn 
T, 
эз E or Т, =586K 
or Т,= (586 - 273)°C =313°C 


Р, 
= T (As volume remains constant) 
2 


(а): Here, mj = M, m, = ot 


The common acceleration of the system is 


QOL). (“Seg 


(d): In an open pipe, the fundamental frequency 


is >— and all harmonics are present. Third 


210 
overtone means fourth harmonic. 
4v 
Frequency of third overtone, v, = —— 
quency Em 


where v is the velocity of sound and Lo is the 
length of the open pipe. 
E a closed pipe, the fundamental frequency is 


= and only odd harmonics are present. Second 


overtone means fifth harmonic. 
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13. 


14. 


15. 


16. 


17. 


18. 


Frequency of second overtone, Us = = 
where L is the length of the closed pipe. 
As V, = Us 
4v 5v 
Se pA 
2Lo Alc c7 Е 
(с): In a closed cyclic process, the system returns 


to its initial state. Therefore, the change in internal 
energy is zero, i.e, E - 0. 


f Lo = 12x 8em= 5cm 


(с): Here, the springs are connected in series, 
their resultant force constant К is given by 


1 1,1 h*kh dh 
K kok kk CRAT 


(b): Here, Ё= (27+15 +68) N and 7-10] m 
= Ё. =(2i+15j+6k)-10=150J 
tos 
: y= Asin2n| - -3- 
(9: y= Asin |é z] 


Speed of wave = E 


Amplitude =A , Period = T, 
Velocity is along +x-direction. 


(d): In SHM, 


Potential energy of the particle, y= jm? x? 


1 
Total energy of the particle, E- > mo 2А? 


where symbols have their usual meaning. 


potential energy 


At х=, the fraction of total energy which is 
1 2 

и bme? pape 

E 1 “RL A lS 


[= 


(d): The equivalent circuit diagram is as shown in 
the figure. 


mo! A? 


1 
3yuF 


L 
I 
aues SUE 


а 


19. 


21. 


The effective capacitance between A and B is 

3yuF x 6uF 

3uF+6puF 

(b): Here, v =72 km h” = 20 m s* 
=05 


Cap =3pF+ =3pF+2uF=5pF 


lt 
sng dz mv 
nmpd-- 
v 20х20 


or LL 
2u,g 2х0.5х10 


. (b): F = qE = (2e)E 


= (2 x 1.6 x 10°) х 15 х 1052 48x 104 № 
(a): 


— 7 
10cm 


He 
15cm 


ше — — — 
v 


According to new cartesian sign convention, 
Object distance, и = -15 cm 

Focal length of the concave mirror, {= —10 cm 
Height of the object, ho = 2' cm 


According to mirror formula, 1, 1 _ 1 
v'u 

=; „11 51,1 

v f и -10 -15 -10 15 


or v=-30cm. 


The image is formed at a distance of 30 cm from 
the mirror on the same side of the object. It is a 
real image. 


-v hy 


23. 


24. 


(c) : According to radioactive decay, 

N= Ме 
where, 

= Number of radioactive nuclei present in the 

sample at f= 0 
М = Number of radioactive nuclei left undecayed 
after time t 
А = decay constant. 


For 20% decay 


80No ET 
ВОМ меди 
100 7° К 
For 80% decay 

20No _ yy м 

20No _ мед 7 

100 7° E 

Dividing equation (i) by (ii), we get 

4-2 ent 
э 4=ё@-% 


Taking natural logarithms of both sides of above 
equation, we get 
1n4-A(&5 - 1) 


or 21n2-122 q, 1) 
ШТА 


: Energy stored in the capacitor 
ual NOI 
2c 
и+21% of U 
=и+20 Lag 
100 


en 


Here, U' = 


121U= wii) 
Divide (ii) by @ we БАЙ 


121 О+2 


Magnification of the mirror, m = — = 
u 


30) hi 
-15 2 

Negative sign shows that image is inverted. 

The image is real, inverted, of size 4 cm at a 

distance of 30 cm in front of the mirror. 


--4cm. 


>h 


. (b): Potential at centre due to all charges is 


21 (0+2) 1 
1 @ үл 0 
or 110=0+2 or л-г? 


—2 230€ 


or 010=2 or Q= ПЕЛ 


. (с): Here, 1=6sin 10001 +) 


v -Ssn [1003 


Phase difference between current and voltage 


= [1002 ® |- [1002 -£]- 
4 4 


Hence, current leads the voltage by 90° 


PHYSICS FOR YOU l january "14 33 


26. (c): As F< S, therefore, acceleration, a = 515 
Ld dedS desi, ой саз 
"db dS а as” dS 
Integrating both sides, we get 
V? = 523 or y œ $15 
As Р= Ро 
А Ро 5712 518 or Р ос 50, 
i.e, Power is independent of S. 
2 
27. (с): Centrifugal force on rod, F = "2 along BD. 
r 
Let 0 be the angle which the rod makes with the 
vertical. Forces acting on the rod are shown in 
figure. 
О, 


Fcos® 


a 
; (mgcos0 

mgsin® тё Fsin8) 

Resolving mg and F into two rectangular 
components, we have forces parallel to rod, 


A 


mgcos8+ sing =T 
T 
Forces perpendicular to rod 


2 
= ngsing— 7. cosg, 
T 
The rod will be balanced if 
mo? i mo? 
mgsino- == cos0=0 ог тузїпӨ= T9 
т 


? (10 


Or (ап = =1= tan45° or 0 = 45° 


rg 10х10 
28. (d): According to the definition of centre of 
mass, we can imagine one particle of mass 
(1 +2+3) kg. at (1, 2, 3) and another particle of 
mass (2 + 3) kg at (-1, 3, - 2). 
Let the third particle of mass 5 kg be put at 


(xy уз, 23) ie. 
m, = 6 kg, (xy yy 21) = (L 2, 3) 
m, = 5 Кр, (xy уу 22) = (C1, 3, -2) 
ту= 5 kg, (xy yy 23) =? 
Given (X. Yenv Zem) = (1, 2, 3) 
MX, + тх +туху 
mmm, 
6x145x(-1)* 5x, 
64545 
5х3=16-1=15 or x,-3. 


Similarly, y; = 1 and z; - 8. 


Using Xa 


1= 
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GMm 
29. (d): E, 2 - —— 
(d): E; = 
Thus E; increases with increase in r. 


E= GMm 


; Thus Ey increases with increase in r. 


-GM 
Ep= A ; Thus Ep decreases with increase in r. 


30. (d): Let y be the distance from the centre of sphere 
where the acceleration due to gravity is a,/3 
-d 
where r is the radius of the sphere and d is the 
depth from the surface of the sphere. 


s edet 3%) 


(^ F=mg) 
=0.05 x 103- 0.05 mm 


32. (с): For adiabatic process, 
PV! = constant 
Since PV = RT, hence ТУ! = constant 


XY (n): 
V) in) 2 
Hence ¥2 2 (T. (Gr < 
V (T 
33. (с): Average speed «c» |RT Ed -16 


«c, 5-16, a 


«au» 16 JET 
4 
temperature of both the samples is same. 
жээ<сн>=2<сн> 


acus +к, Len? un _ Kn2r) ATE 


34. (9): 1 


Ras, 
к- Kit 


mi? 12 [1 


35. (b): T-2x|]J— 
i mgl 


36. 


37. 


. (a): Let f, and f, be 


Xo 


(b): ^ 324034 NI 
4 [d = diameter of the tube] 


ЗА И) 


= 100+ 0.34 
From (i) and (ii), we get 
=68 cm 


w =| s 
1 


-160xo1000 xa 1.1.) 
0.05 0.13 


=104х 2 - 1152] 
65 


. (a): For achromatic combination 


= _-% 
=— or «P, 
А h ds 
or P,--P,--2D (e 


=P, 


©з) 


Focal length = 1. 
P 


ог focal length =- 50 cm. 


the focal lengths of the 
objective and eyepiece respectively. For normal 
adjustment, distance between the objective and 
the eyepiece (tube length) = f, + f.. Treating the line 
on the objective as the object, and the eyepiece as 
the lens, u =- (f, + f,) and f = f. 

Loi E 

voc fe 
dors - dfe 

fth UM 


[AAA 


or v= 


41. 


42. 


43. 


Р f, imagesize | 
Magnification = |^, = 22 = ЛОВ Ш 
en ul f, object size L 
ys T1 magnification of telescope in normal 
fe 
adjustment. 


(©): Path difference, A= xf 


and phase difference, 6= t ^ 
Let a = amplitude at the screen due to each slit. 
= k(2a)? = 4ka?, where К is a constant. 
For phase difference ф, amplitude 
= А = 2a cos(0/2). 
Intensity, 


I - КА? = М4а?)соз?(ф / 2) = I, cos? (Ea ) 


А 
1= ЕЗЕТ: (s >) Гв 
XD 
(d): Potential at = V.. = 0. 


Potential at the surface of the sphere, V, = КО 9, 


Potential at the centre of the sphere, V, = 49. 


Let m and -4 be the mass and the charge of the 
particle respectively. 

Let v; = speed of the particle at the centre of the 
sphere. 


Y y 20 
3m =-a[V.-V.J=akR- 
1 3,0 
gà --d[V.- V. ]- a5 
Dividing, #515 or v =Vi50. 
v 
(a): The force on the electron is 9 and its 


£0 
acceleration towards the metal sheet is ©. 
me 
The electron will move as the projectile with an 
effective value of g = eo/mey 
arme, 
ес 


Its maximum range will then Бе 
ec me, 


(а): Resistance per unit length = p = E 
Lengths of sections АРВ and АОВ are rð and 


2л – 0) respectively. gi 
Resistance of section 4 p 
APB and AQB are 
SOR RO 
"meo On 
лг 2x б 
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and R= rs - e) = A, ШЕЕ МЫШ 200 
217 2л V, 20 20 19 9 
As R, and R, are in parallel between А and B, 9 Pu M 
9 LA ГА 
v,-(2)v 
29 
20 
id V, =| —|V 
ae (2) M 


Power developed across 2 @ resistor will be 


Let К = resistance of the ring = 
Current in the ring = i = €/R. 


Consider a small element dl on the ring. Power developed across 4 Q resistor, 
оўу . 
Emf induced in the element = de = E37 P, RE: т 0 
R 47. (a): The given network is a balanced wheatstone 
Resistance of the element dR = (| bridge with one capacitor in parallel with this 
bridge. 
1 +de E: 
= 48. (b): Eos = Fy = хд) 
e o’ Неге, AB=2V2x2=4m 
p.d. across the element ^ = 20-40) х(-40))= 327 
R B 
=-IdR + de = 6) (5) 1 fifa i 
49. (a): == |— +] —-— 
RA2nr 2nr 9:77 хех; 


2 all points on the ring are at ће same potential. Süpstiüiting the piven values we get 


45. (b): In the steady state, the current in the coil is 


1 1 Ж 1 
1-8. The energy stored in it is E p z^ (ài) 
When the switch is opened, this energy is shared AES л 
equally between the two resistances. Z VR ак? 
46. (4):3 Q, 6 Q and 2 Q resistances are in parallel. 1.45 
So, potential drop across them will be equal. Of ZR 
these three resistances maximum heat will be 2R 
generated across 2 Q resistance or Z= л 
(s He) or н-1) 1 
R R 50. (d): E, == and r° n? 


Similarly, 5 © ancd 4 Q resistances are also in 
parallel so, more heat will be generated across 
AQ resistor. Now the given circuit can be redrawn Hence, Eir, = (13.6 eV)(0.53 A) 
as: =7.2eV А = constant 


2 E,r, is independent of n 
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Ж Ж Ж 


An electron initially at rest falls a distance of 
1.5 cm in a uniform electric field of magnitude 
2 x 10' N C., The time taken by the electron to 
fall this distance is 
(а) 13 х 10 s 

(с) 1.6 х 10™ s 


(b) 21» 102 s 
(d) 29 x 10? s 


A conducting sphere of radius 10 cm has 
an unknown charge. If the electric field at a 
distance 20 cm from the centre of the sphere is 
1.2 x 10? N C and points radially inwards. The 
net charge on the sphere is 

(а) -45x10?C (b) 45* 10 C 

(c) -5.3 x 10° C (d) 5.3 x 10° C 


An oil drop of 10 excess electrons is held stationary 
under a constant electric field of 3.65 x 10+ N C^! 
in Millikan’s oil drop experiment. The density 
of oil is 1.26 g cm. Radius of the oil drop is 
(Take, g = 9.8 ms, e = 1.6 107 C) 

(a) 1.0 x 10% m (b) 48 х 105 m 

(c) 4.8 x 10-5 m (9) 1.13 x 1075 m 


A positive charge Q is 

uniformly distributed along 

a circular ring of radius R. A 

small test charge q is placed 

at the centre of the ring as 

shown in figure. 

Then 

(а) ifq» 0 and is displaced away from the centre 
in the plane of the ring, it will be pushed 
back towards the centre. 

(b) ifq «and is displaced away from the centre 
in the plane of the ring, it will never return 


38 PHYSICS FOR YOU | JANUARY 14 


NCERT Xtract 


Questions for Medical 


Engineering Entrance Exams 
Electric Charges and Fields 


to the centre and will continue moving till 
it hits the ring. 

(с) if q < 0 it will perform SHM for small 
displacement along the axis. 

(d) all of the above. 


Under the action of a given coulombic force the 
acceleration of an electron is 2.5 х 107 m s*, Then 
the magnitude of the acceleration of a proton 
under the action of same force is nearly 

(а) 16 х 10% ms? (b) 9.1 x 10?! m s? 

(с) L5*10?ms? (d) L6x107 m s? 

A rod of length 2.4 m and radius 4.6 mm carries a 
negative charge of 4.2 x 107 C spread uniformly 
over its surface. The electric field near the mid- 
point of the rod, on its surface is 

(а) -86*10 NC" (b) 8.6 x 10+ N C? 

(с) -67*10 NC" (d) 6.7 x» 10¢ N C7 

The ratio of magnitude of electrostatic force and 
gravitational force between an electron and a proton 
is 

(a) 6.6 x 10° (b) 2.3 х 10” 

(с) 6.6 x 10” (d) 2.3 х 10” 


Two charges q and -3q are placed fixed on x-axis 
separated by distance d. Where should a third 
charge 29 be placed such that it will not experience 
any force? 


4 34 
н 
0 qj 984 
2 2 
d+3d d-3d 
© = o < 


9. 


10. 


п, 


12. 


13. 


14. 


15. 


The electrostatic potential inside а charged 
spherical ball is given by ф = ar? + b where r is 
the distance from the centre; a, b are constants. 
Then the charge density inside the ball is 

(а) -24maeyr (b) -бавуг 

(с) -24nae, (d) -бав, 


Electrical as well as gravitational effects can be 

thought to be caused by fields. Which of the 

following is true of an electrical or gravitational 

field ? 

(a) The field concept is often used to describe 
contact forces. 

(b) Gravitational or electric field does not always 
exist in the space around an object. 

(c) Fields are useful for understanding forces 
acting through a distance. 

(d) There is no way to verify the existence of a 
force field since it is just a concept. 


If an object of mass 1 kg contains 4 х 1020 atoms. 
If one electron is removed from every atom of the 
solid, the charge gained by the solid in 1 g is 

(а) 28C (b) 64x10? C 

(с) 36*10?C (d) 9.2 x 104 C 


Two point charges of 1 uC and -1 uC are separated 
by a distance of 100 А. A point P is at a distance of 
10 cm from the midpoint and on the perpendicular 
bisector of the line joining the two charges. The 
electric field at P will be 

(a) 9N C? (b) 0.9 N C? 

(с) 90N C7 (d) 0.09 N C? 

Two charges + 20 pC are placed 10 mm apart. 
The electric field at point P, on the axis of the 
dipole 10 cm away from its centre O on the side 
of the positive charge is 


A о В 
-20uC *20uC 


(a) 86x10 NC? — (b) 4.1 * 106 МСТ 
(с) 3.6*105N C" (0) 46x 105 N C! 


Ina field free region, two electrons are released to 
move on a line towards each other with velocities 
10° m 5-1. The distance of their closest approach 
will be nearer to 

(а) 128 x 10-0 m (b) 192 х 10-0 m 

(c) 2.56 x 10-19 m (d) 3.84 x 107 т 


A uniform electric field E 2 x 10° N C-! is acting 
along the positive x-axis. The flux of this field 
through a square of 10 cm side whose plane is 
parallel to the yz plane is 

(a) 20 N Cim? (b) 30 N C! m? 

(с) 10 N C! m? (9) 40 N C! m? 


16. 


17. 


18. 


19. 


21. 


Four point charges are placed at the corners of a 
square ABCD of side 10 cm, as shown in figure. 
The force on a charge of 1 uC placed at the centre 


of square is саара уса 
(a) 7м 
(b) 8N 
() 2N 
(d) zero Азус С” 


The electric field at a point is 
(a) always continuous 

(b) continuous if there is no charge at that 
point 

discontinuous if there is a charge at that 
point 

both (b) and (c) are correct 


(ә 


(а 


If there were only one type of charge in the 
universe, then 


(a) фёвео on any surface 


(b) фЕ®=о if the charge is outside the 
s 
surface 
(© $ Eds 3. if charges of magnitude q were 
К 


inside the surface 
(d) both (b) and (c) are correct 


A uniformly charged conducting sphere of 
44 m diameter has a surface charge density of 
60 uC тг. The charge on the sphere is 

(а) 73x10? C (b) 37* 105 C 

(с) 73x10*C (d) 37x10? C 

The nucleus of helium atom contains two protons 
that are separated by distance 3.0 х 10-15 m. 
The magnitude of the electrostatic force that each 
proton exerts on the other is 

(а) 20.6 N (b) 25,6 № 

(с) 15.6 N (d) 12.6 N 


А dipole of electric dipole moment р is placed 
in a uniform electric field of strength E. If 0 is 
the angle between positive directions of p and E, 
then the potential energy of the electric dipole is 
largest when Ө is 
(а) i (b) 5 () x (d) zero 

If a wire is stretched to make it 0.1% longer, its 
resistance will 

(a) increase by 0.05% (b) increase by 0.2% 

(c) decrease by 0.2% (d) decrease by 0.05% 
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23. A coin is made up of Al and weighs 0.75 g. 
It has a square shape and its diagonal measures 
17 mm. It is electrically neutral and contains 
equal amounts of positive and negative charges. 
The magnitude of these charges is (atomic mass 
of Al = 26.98 р) 
(а) 3.47 x 10°C 
(с) 1.67 х 10°C 


(b) 347 x 10°C 
(d) 1.67 x 1022 C 


24. An early model for an atom considered it to have 
a positively charged point nucleus of charge Ze, 
surrounded by a uniform density of negative 
charge upto a radius R. The atom as a whole is 
neutral. The electric field at a distance r from the 
nucleus is (r > R) 


(a) 


(b) 


(o) 


(4) 


25. Ina certain region of space, electric field is along 
the z-direction throughout. The magnitude of 
electric field is however not constant, but increases 
uniformly along the positive z-direction at the 
rate of 105 N С"! m^. The force experienced by 
the system having a total dipole moment equal 
to 107 C m in the negative z- direction is 
(а) -102N (b) 102 № 
(с) 10+ № (d) 10+ N 

26. The tracks of three charged particles in a uniform 


electrostatic field is shown in the figure. Which 
particle has the highest charge to mass ratio? 


+ + t + eA y 


SSS 
=== ec x 


(a) A (b) B () C (d) A and B 
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27. A particle of mass т and charge -q enters the region 
between the two charged plates initially moving 
along x-axis with speed v, as shown in figure. The 
length of plate is L and a uniform electric field E is 
maintained between the plates. The vertical deflection 
of the particle at the far edge of the plate is 


2 
EL г? 


(o 2m (ау 2m. 
"T qEL 
28. Take the particle in question number 27 an electron 
projected with velocity v, = 4x 10°m 511. If electric 
field between the plates separated by 1 cm is 
82 x 10? N С, then the electron will strike the 
upper plate at (Take m, = 9.1 x 10?! kg) 
(a) 2.14 cm (b) 39 cm 
(9 123 cm (d) 33 cm 


29. Three charges of equal magnitude q is placed at 
the vertices of an equilateral triangle of side 1. 
The force on a charge Q placed at the centroid 
of the triangle is 


2 
эт 9 om, 


30q 201 
e Ane I? e 4ле? 
(9 a (d) zero 
2negl 


30. A cup contains 250 g of water. Find the number 
of positive charges present in the cup of water. 
(a) 134 x 109 C 
(b) 1.34 x 10 C 
(с) 2.43 x 10° C 
(d) 2.43 « 10 C 


SOLUTIONS 


1. (d): In figure the field is upward. 
So the negatively charged electron 
experiences a downward force. 


E 


* * z 
E y 
. The acceleration of electron is а, =— ---(0) 


The time required by the electron to fall through 
a distance h is 


p= [2®\ = Plame 

a, eE 

_ | 2x15x107? x911x10?! 
16x10 x 2x 10* 

(с): Here, radius of sphere = 10 cm 

Distance of point from the centre of the sphere, 

r=20cm=0.2m 

Electric field, E = 1.2 x 10? N C+ 


y, easing) 
| =2.9x10%s 


As Е = —@ 
Anger? 
q= (4negr) E 
_ (0.2)? x(-1.2x103) 


=-5.3 x 10°C 


9х10° 
(a): Here, n = 10, E = 3.65 x 10+ N С! 
Pon = 1.26 g cm? = 1.26 х 10? kg m? 
As the droplet is stationary, 
weight of droplet = force due to electric field 


or Sarpg= Ene 


ЗЕпе 
TT атре 
p = 33,65 х10* x10x16x1077 
4x3.14x126x10? x9. 
= 1.13 x 1078 


orn  r-(113*1075^ = 1.0 x 105m 


(d): At the centre of the ring, E=0 when a positive 
charge (д > 0) is displaced away from the centre 
in the plane of the ring, say to the right, force 
of repulsion on q, due to charge on right half 
increases and due to charge on left half decreases. 
Therefore, charge q is pushed back towards the 
centre. So option (a) is correct. 

When charge q is negative (д < 0), force is of 
attraction. Therefore, charge q displaced to the 
right continues moving to the right till it hits 
the ring. 

Along the axis of the ring, at а distance г from 
the centre, 


- Ог 
Aney(r? "E 
If charge q is negative (q < 0), it will perform SHM 
for small displacement along the axis. 


5. (с) : The acceleration of the electron due to given 
coulombic force Fis 

E£ NO) 

m, 

where m, is the mass of the electron. 

The acceleration of the proton due to same force 

Fis 


ii) 


a atte, _ (25% 1022 ms) (9.1x 10?! kg) 


my (1.67 x 107 kg) 
= 13.6 х 101 m s? = 1.5 x 1019 m s? 
6. (c): Here, 1-24 m, т = 46 mm = 46 х 10? m 
q7-42x107C 


Linear charge density , } = i 


_ 242х107 


2-175107 C m 
24 
i А 
Electric field, Е = —— 
2ng£yr 
Е 175х107 
23.14 x 8854 x 10712 x 4,6 x 102 
--67*105N C7 
7. (b): Here, between an electron and a proton 
2 
Electrostatic force, IF,| = 1.8. 
Arey r? 
G 
Gravitational force, IF,| = Sep 


LAN _ё 
Ane Gm,m, 


_ 9x10? x(1.6 x 10719)? 
6.67 x 1071! x 9x 10! x 1,66 x 1077 
8. (b: 


223x109 


P B 
[ы 1 >it d >| 
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10. 
п. 


12. 


13. 


42 


Leta charge 24 be placed at P, at a distance! from 
A where charge q is placed, as shown in figure. 
The charge 2] will not experience any force, when 
force of repulsion on it due to q is balanced by 
force of attraction on it due to -3q at B where 
AB=d 
(24) (34) 
Ane (L d 


or 2/2 - 214-2 = 0 


24+ 4d? +84? 
jo CENS tE 


4 


de 3d 


2 
(d): ġ =ar? +b 
Electric field, E = 


l= 


2ar i) 


dr 
According to Gauss's theorem, 


$ E. d$ = inside. 


£o 


or —2ar4nr? = E (Using (1) 
0 
Finside = — Str? 


Charge density inside the ball is 


EC 1. рс -8eganr? 
inside = ^ 
E EL 
3 3 
Pinside = —64£0 
(с) 
(b): Here, number of electrons removed 
= number of atoms in 1 g 
20 
- 220 -4x107 
10 
charge, q = ne = 4x 107 x 16 x 10-9 C 
=6.4 x 10°C 


or n 


(d): The point lies on equatorial line of a short 
dipole. 
Bad ы 9x10? x1075 x10* 
Алег? 07» 
29x10?N С! 


A о В 
б e >o 
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14. 


15. 


16. 


Here, q = + 20 pC = +20 х 105 С 
or 22-10 mm = 10 х 10° m 
т = OP = 10cm = 10 х 10? m 
IPI =q x 2a = 20 x 10% x 10 х 10? m 
=2 x107 Cm 


2pr 


The electric field along BP, E = —— L —— 
E Anco (r? - à)? 


As а ««r, 

2 2| _ 2х2х1077 x9x10? 
але? (10x10) 
= 3.6 x 106 N С! 

(с): At the distance of closest approach (r) 

K.E. = PE. 
Я iw) p) - 2-6 
тә? = È 
4 

1 9x10? х(1.6х10719)2 


ame mo? 9x10 x (105)? 
2256x107 m 

(a): Here, E = 2 х 10 N C7 is along + x-axis 

Surface area, S = (10 cm)? = 10? x 10 m? - 102 m? 

When plane is parallel to yz plane, 

So 9 = E S cosü = 2 10° x 107 cost 
=20N C1 m? 

(d); (90-4280) 

D, 


(qc 734€) 


A B 
(дл 7 3C) (qa 7-4 uC) 


From figure, length of diagonal of the square 


- AC - BD = [102 10? - 10/2 cm 


OA = OB = OC = OD = 1002. 10. 


2 4 
Forces of repulsion on 1 uC charge at O due to 3 
uC charges, at A and C are equal and opposite. 
So they cancel each other. 
Similarly, forces of attraction on 1 uC charge at O 
due to -4 uC charges at B and D are also equal 
and opposite. So they also cancel each other. 
Hence the net force on the charge of 1 uC at O 
is zero. 
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17. 


18. 


19. 


20. 


21. 


R 


44 


(d): Electric field at a point is continuous if 
there is no charge at that point. And the field is 
discontinuous if there is charge at that point. So 
both options (b) and (c) are correct. 
(d): According to Gauss's theorem in 
electrostatics 

$£a- 5 

Eo 
Here q is charge enclosed by the surface. 
If the charge is outside the surface, then („а = 0 
Also, $ Eas -0 
So, both (b) and (c) are correct. 
(d): Here, D22r- 44 т, or r-22m 
o = 60 pC m? 

Charge on the sphere, q = с х 4772 


= 60x10% хаха «(227 37x10?C 


(b): Charge of proton, q, = 1.6 x 10-9 C 
Distance between the protons, 

r=3x 105m 
The magnitude of electrostatic force between 
protons is 


dpdp _ 9x10? x16x107? х1.6х10719 


КЛЫ (3x10)? 
-256N 


pec 


(c) : The potential energy of an electric dipole in 
a uniform electric field is 
u--p.É 
= – pEcos0 
For U to be maximum 
cosó--1 => Ө=л 


(b) : Resistance of wire 
l 
к=Ё- ; 
A d) 
On stretching, volume (V) remains constant. 
So V=Al or A E 
2 
к=РЁ (Using (i)) 
Taking logarithm on both sides and differentiating 
we get, 
ag = Es (> V and pare constants) 
АК Alo, 
R 1 


Hence, when wire is stretched by 0.1% its resistance 
will increase by 0.2%. 
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23. 


24. 


А 


(а): Mass of ће coin = 0.75 g, Za = 13 
Atomic mass of aluminium = 26.98 g 
Avogadro's number = 6.02 x 10 
Number of Al atoms in the coin, 


. 602 x 10? 
26.98 
Ascharge number of Alis 13, each atom of Al contain 
13 protons and 13 electrons. 
Magnitude of positive and negative charges is 
one coin 
= NZye 
167 х 10” х 13x 16 x 10 C 
47 x 105 C 


(a): Charge on nucleus = + Ze 


N x0.75 = 1.67 х 10? 


Total negative charge = – Ze 
(7 atom is electrical neutral] 


Negative charge density, p = 28e. 
volume 
_ -Ze 
E 
А 2.3 Ze 3 (i) 
ie. ls m 
Consider a Gaussian surface with radius r. 
By Gauss's theorem 
фе Еф) ma & (ii) 
fo 
Charge enclosed by Gaussian surface 
3 
беда p-Ze-Zet (Using (i) 
From (ii) 3 
3 
= z Ze fiir 
ET = 2 - 23-5] 
Anmeg? — Amer Amr? R 


(a): Consider an electric dipole with -q charge at 
A and +] charge at B, placed along z-axis, such that 
its dipole moment is in negative z direction. 
ie, p, 7-107 Cm 

The electric field is along positive direction of 
z-axis, such that 


dE 


ФЕ 105 мс тт 
Т 
From F = qdE 
= (qxdz) E 
-p£ 
=P 


Force experienced 
by the system in the 
negative z-direction 


= 107 x (-105) = 102 N 


26. (с): Particles A and B have negative charges 
because they are being deflected towards the 
positive plate of the electrostatic field. Particle C 
has positive charge because it is being deflected 
towards the negative plate. 

Deflection of charged particle in time t in 
y-direction 


h=0xt+} 


ie. едт 

Аз the particle C suffers maximum deflection 
in y-direction, so it has highest charge to mass 
q/m ratio. 


Iran 
2m 


at? = 


27. (a): Here, in the e direction, 
initial velocity, v= 


acceleration, a = ne" wi) (v F=4E) 
mm 
Time taken to cross the field, 
p= distance. L x) 


velocity Vy 
(^^ velocity along the horizontal direction is 
constant) 


Now, 


2 
deflection, у=0+— (sz) 
2\ m lo, 


[Using (i) and (ii)] 


3 2 
s= vi at 
г 2 


2 9812 
2mo? 
28. (d): Given: v, = 4 x 106 m s”, 
d=1cm=1 x10? m, E = 8.2 x 1 МС 
q-e- 1,6 х 1079 С, m,=9.1 x 10?! kg. 
The electron will strike the upper plate at its other 
end of x = L as soon as its deflection. 


d 10? 
m 


АЕ гуа =5х10 т 
From equation (iii), 
2m,v]y 
qE 


2x91x10?! x (4x105) x 5x 10 


3.33 x 10? m 
L = 3.33 cm 


The electrons will strike the upper plate at its 
other end at 3.33 cm 


29. (d): As shown in figure draw, AD 1 BC. 


Qn 
! 1 
LAN 
B C 
шо ? — 90 


л AD = AB cos30° = 


NB 
2 
Distance AO of the centroid O from A 


243 1 


разы, 


“з 32 V3 
Force on Q at O due to charge qı = q at A 
1 Oy _ 3Qq 
, along AO 
17 dame (BY — апе Mons 
Similarly, force on Q due to charge ф = q at B 
E- 300 along BO 
m 
and force on Q due to charge q; = q at C 
30q 
For agg along CO 


Angle between forces F, and F; = 120° 
By parallelogram law, resultant of F and Р, 


30q 


Ane, 
А i force оп Q = 224 _ 304 
n 4ле? 
30. (b) : Mass of water = 250 g 
Molecular mass of water = 18 g 
Number of molecules in 18 g of water 
(Avogadro's Number) = 6.02 х 105 
Number of molecules in one cup of water 
= 230 6.02% 108 
18 
Each molecule of water contains two hydrogen 
atoms and one oxygen atom, i.e. 10 electrons 
and 10 protons. 
Total positive and negative charge has the 
same magnitude and is 
250 


= “ig 002 x10 xlox16x10 C 


2134x107 C пи 


> along OA 


=0 
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BRAIN 


MAP 


Ray Optics 


Image Formation by 


RAY OPTICS and OPTICAL INSTRUMENTS 


Spherical Mirrors 
9. кезун, 
R 
fq 
5 
14 
1, 


П 

* Magnification m is -ve for real images and 
"ve for virtual images. 

= fand R -ve for a concave mirror and «ve 
for a convex mirror, 

* Fora real object u із ме, v is -ve for real 
image and уе for virtual image. 


Refraction of light, 
Lateral shift and Real and 
Apparent Depths 


^ Refractiveindex, 
velocity of light in vacuum. 
velocity of light in medium 


he 
v 

* When light travels from medium a to 

тейит, 


"m 
y= th 


E" 
oye ee 
real depth(x) 
apparent depth (у) 
ini 
vor 


* Lateral shift, d 


* Displacement of image = x - y 


Total Internal Reflection 


Critical angle, i= Angle of incidence in 
denser medium for which angle of 


т = 
= Second principal focal length, 


refraction is 90° in rarer medium. kH 
© Refractive index of denser medium, 
1 
En 
‘Total internal reflection occurs when 
Refraction and Dispersion 
of Light through a Prism 
Refraction nom * Forrefraction, through prism 
Spherical Surfaces ЕА 
a E 5 Inthecondition of minimum deviation, 
iraniene P 
i pma M-m 
-u v^ R П 2 
& When refraction occurs from denser to rarer sing 
medium, 
8 * Deviation produced by а prism of small 
BR. hus angle8-(u- A 
^ First principal focal length CE EA Asc SE ы, 
заана М «Dispersive power, 


LE] seee- 


ы ever] 
F h h hh 
+ MHihelensesarein contact, d=0 
1+ а 
РАЛА 


Optical Instruments 


Lens Maker's Formula 


* Forthelensof material of refractive index иу 
placed іп а medium of refractive index 
My 


© Whenthelensis placed in air 
Hye Land y= 1 


Combination of Lenses 


= Focal length Fofa combination of two lenses 
‘of focal length f; and fy separated by а 
distancedis 


+ Powerofalens, 
ЕВН 
fünm) fünem) 
Magnification of combination of 
mem xm My 
* Power of two lenses separated by a distance 
dis 


PP +P:—dPP, 


The Defects of Vision 


‘© Myopia or short sightedness: For observing 
distant objects, a concave lens of focal length 
7x is to be used, where x is distance of far 
pointof defectiveeye, 

Hypermetropia or far sightedness + For 
observing near object, a convex lens of focal 
length fis to be used where 

a Um 


f wu 


Here, u = d = least distance of distinct vision 
of normal eye and v = -1 = distance of near 
pointof defectiveeye 


Simple Microscope 


* When the final image is formed at the least 
distance of distinct vision, the magnifying. 


Power Mu D 


ы 
* When the final image is formed at infinity, 
the magnifying power 


Еу? 


Compound Microscope 


© Magnifying power, Mm, «n, 
* When the final image is formed 
distance of distinct vision 


at the least 


Ы З 
mthi 2 5+2) 
wf) Toh te 
+ When thefinal image formed at infinity 
одн 
wh hh 


* Astronomical telescope: (i) In normal 
adjustment, 


Distance between objective and eyepiece 
EE. 

(ii) When the final image is formed at the 

least distance of distinct vision, 


AEA 
As 
Distance between objective and eyepiece 


AD 
AUC pee 
АА 
* Terrestrial telescope, (i) In normal 
adjustment 
just is 


fe 
Distance between objectiveand eyepiece 
E 
where /=focal length of the erecting lens. 
+ Galileo'stelescope, Innormal adjustment, 


M 


M 


Distance between objective and eyepiece 
=fo~ fe 
+ Reflecting telescope 


Foundati 


JEE 


ostati 


ELECTRIC CHARGE 

It is an intrinsic property of the elementary particles 

of matter, which all the objects are made up of. It is 

because of these electric charges that various objects 

exert strong electric forces of attraction or repulsion 

on each other. Electric charge is invariant (It does not 

depend on speed.) 

Electric charge is a scalar quantity. Its SI unit is 

coulomb (C). 

In CGS electrostatic system, the unit of charge is 

electrostatic unit (esu) or stat coulomb (stat C). 
1C=3 x 10? stat C 

In CGS electromagnetic system, the unit of charge is 

electromagnetic unit (emu). 


1 
1С217 ети 


A proton has a positive charge (+e) and an electron 
has a negative charge (е), where e = 1.6 х 1079 C 
Basic Properties of Electric Charge 

Charge is transferable : If a charged body is put in 
contact with an uncharged body, the uncharged body 
becomes charged due to transfer of electrons from one 
body to the other. 

Charge is always associated with mass, i.e., charge 
can not exist without mass though mass can exist 
without charge. So, the presence of charge itself is a 
convincing, proof of existence of mass. 
Quantisation of charge : Total charge on a body is 
always an integral multiple of a basic unit of charge 
denoted by e and is given by q = ne 

where n is any integer, positive or negative. 

The quantisation of charge was first suggested by 
Faraday. It was experimentally demonstrated by 
Millikan in 1912. 
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cs | Current Electricity 


The basic unit of charge is the charge that an electron 
or proton carries. 

Additivity of charge : Total charge of a system is the 
algebraic sum (i.e. sum is taking into account with 
proper signs) of all individual charges in the system. 
Conservation of charge : Total charge of an isolated 
system remains unchanged with time. In other words, 
charge can neither be created nor be destroyed. 
Conservation of charge is found to hold good in all 
types of reactions either chemical or nuclear. 
Charge is invariant : Charge is independent on the 
frame of reference. 

Like charges repel each other while unlike charges 
attract each other. 


Illustration 1 : Which is bigger - a coulomb ога charge 
onan electron? How many electronic charges form 
one coulomb of charge? 

Soln.: One coulomb of charge is bigger than the 
charge on an electron. 

Charge on one electron, 


e- L6 x 10™C. 
г. Number of electronic charges in 1 coulomb, 
neia 1€ — 62x10! 
е 16x10 C 
COULOMB'S LAW 


The forceof attraction or repulsion between two stationary 
point charges is directly proportional to the product of the 
magnitudes of the two charges and inversely proportional 
to the square of the distance between them. This force 
acts along the line joining the two charges. 

hh Hd 


Е= 12. 
any? r 


Here, k= 9x10 N mic? 
4n£g 
where, s, is permittivity of free space. 
In vector form, coulomb's law 


Fin Py 
Fy = Force on charge q due to qı 
l 492% 
=— 2; 
ane, oU 


where, fa = 12 is a unit vector in the direction from 
тот с _ 
Similarly, F = Force on charge q, due to qz 

l d^ 


r 
2, 


Апер r? ™ 


^a. ; : m 
where 7, 2 2L. is a unit vector in the direction from 


qa to qu. 


Dielectric Constant or Relative Permittivity 

The relative permittivity or dielectric constant of a 
medium may be defined as the ratio of the force 
between two charges placed some distance apart in 
free space to the force between the same two charges 
when they are placed the same distance apart in the 
given medium. 


E F vacuum 


medium = 


Raaum or K= 
K 


Fmedium 


K for vacuum = 1 
K for air = 1.00054 
K for water = 80 


Comparison between Coulomb Force and 
Gravitational Force 
Coulomb force and gravitational force follow the 
same inverse square law. 
Coulomb force can be attractive or repulsive while 
gravitational force is always attractive. 
Coulomb force between the two charges depends on 
the medium between two charges while gravitational 
force is independent of the medium between the 
two bodies. 
О The ratio of coulomb force to the gravitational force 
between two protons at a distance r apart is 
e 

AneyGmym, 
The ratio of coulomb force to the gravitational force 
between proton and electron at a distance r apart is 


=13х10% 


e 


— — - 23x10? 
AneGmm, 


Principle of Superposition 

According to principle of superposition, force on any 
charge due to a number of other charges is the vector 
sum of all the forces on that charge due to the other 
charges, taken one at a time. The individual forces are 
unaffected due to the presence of other charges. In a 
system of charges q,, q, -+ w the total force Ё on 
the charge q, due to all other charges, is then given by 


the vector sum of the forces Es, Fs. Ty 
= Fy ++ 
1 ШЗ ШЗ 
E Cu +e t 7 


51 т 


Continuous Charge Distribution 
Linear charge density : Charge per unit length is called 
linear charge density. It is denoted by symbol À. 

Charge 

Length 
Its SI unit is C m”. 
Surface charge density : Charge per unit area is called 
surface charge density. It is denoted by symbol о. 

_ Charge 

Area 

Its SI unit is C m?. 
Volume charge density : Charge per unit volume 
is called volume charge density. It is denoted by 
symbol p. 


Its SI unit is C m?. 


Illustration 2: Two equally charged identical metal 
spheres A and B repel each other with a force of 
2.0 x 105 N. A third identical uncharged sphere 
C is touched to A, then placed at the mid-point 
between A and B. Calculate the net electrostatic 
force on C. 

Soln.: Let the charge on each of the spheres 
А and B be q. If the separation between A and B is 
r, then electrostatic force between spheres A and 
B will be 


2 
- EE -20x105N. 


r 
When sphere C is touched to A, the spheres share 
charge q/2 each, because both are identical. 
+ Force on C due to А, 

VG „к. ‚ along AC. 

% (pee 
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Force on C due to B 
2 
kq-q/2 _k2q" | along BC 
(ip 12 
Since these forces are in opposite directions therefore, 
net force on C is 


k-20? kg 
pee 
r T 

ELECTRIC FIELD 


An electric field is said to exist at a point if a force 
of electric origin is exerted on a stationary charged 
body placed at that point. 

Quantitatively, the electric field or the electric intensity 
or the electric field strength, É at a point is defined as 
the force experienced by a unit positive test charge 
placed at that point, without disturbing the position 
of source charge. 


EIE 


Here, q is test charge. 
The direction of É is the same in the direction of Р. 


Units and dimensions of electric field 
As the electric field is force per unit charge, so its SI 
unit is Newton per coulomb (N C^). It is equivalent 
to volt per metre (V m^). 
The dimension of E is [МТА]. 
Illustration 3 : Calculate the electric field strength 
required to just support a water drop of mass 
10? kg and having a charge 1.6 x 10™ C. 
Soln.: Here, т = 10? kg, q = 1.6 x 10? C 
Let E be the strength of the electric field required 
to just support the water drop. Then 
Force on water drop due to electric field = weight 
of water drop i.e., qE = mg. 
p." 10?x98 
4 16x10? 


ELECTRIC FIELD LINES OR ELECTRIC LINE OF FORCE 
An electric line of force may be defined as the curve 
along which a small positive charge would tend to 
move when free to do so in an electric field and the 
tangent to which at any point gives the direction of 
the electric field at that point 


6125x105 МС"! 


Properties of Electric Lines of Force : 

O The lines of force are continuous smooth curves 
without any breaks. 

О The lines of force start at positive charges and end 
at negative charges. They cannot form closed loops. 
If there is a single charge, then the lines of force will 
start or end at infinity. 
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The tangent to a line of force at any point gives the 

direction of the electric field at that point. 

No two lines of force cross each other. 

The lines of force are always normal to the 

surface of a conductor on which the charges are 

in equilibrium. 

O The lines of force have a tendency to expand 
laterally so as to exert a lateral pressure on 
neighbouring lines of force. This explains repulsion 
between two similar charges. 

О The lines of force have a tendency to contract 
lengthwise. This explains attraction between two 
unlike charges. 

О The lines of force do not pass through a conductor 
because the electric field inside a charged conductor 
is zero. 


ELECTRIC DIPOLE 
A pair of equal and opposite charges separated by 
small distance is called an electric dipole. 


Dipole Moment 
The dipole moment of an electric dipole is a vector 
whose magnitude is either charge times the separation 
between the two opposite charges and the direction is 
along the dipole axis from the negative to the positive 
charge. 24 

P-4x2ü E F н 
The SI unit of dipole moment is coulomb metre (C m) 
Dipole Field 
The electric field produced by an electric dipole is 
called a dipole field. 
Electric field on axial line (end on position) of an 
electric dipole 
Electric field at a point on axial line of electric dipole 
is 

1 


oo 


" 2рг 

Е ате (e? N 

where r is the distance of the point from the centre 
of the electric dipole. 


For r>>a, E=—22 
m 

The direction of the electric field on axial line of an 

electric dipole is along the direction of the dipole 

moment (i.e. from -4 to q). 

Electric field on equatorial line (board on position) 

of an electric dipole 

Electric field at a point on equatorial line of electric 

dipole is 


3 


zb. D ИНК 

© апе (r? +a?) 
Forr>>a, E LP. 
Ane r? 


The direction of the electric field on equatorial line 

of the electric dipole is opposite to the direction of 

the dipole moment. (i.e. from q to 4). 

Electric field at any point due to an electric dipole 
Р 


E ч 
—————— u ——> 
The electric field at point P due to an electric dipole is 
=——V1+3cos*0 
0 


Special cases : 
O When the point P lies on the axial line of dipole, 
ie, Ө,=0° 


O When the point P lies on the equatorial line of 
dipole i.e. 0 =90° 


Ant? 
Electric Field due to a Uniformly Charged ring 
Electric field at a point on the axis of uniformly 
charged ring at a distance r from its centre is 
1 qr 
“Эше, (+a?) 


where q is the charge on the ring and a is the radius 
of the ring. 
For r>> а, ONE d 

Ant r? 


At the centre of the ring, E = 0. 


Electric Dipole in a Uniform Electric Field 
When ап electric dipole of dipole moment р is placed 
in a uniform electric field E, it will experience a 
torque and is given by 

t=pxE or т=рЕѕіпе 
where 0 is the angle between р and Ё. 
The direction of t is given by right handed screw rule 
and is perpendicular to p and Е, i.e., perpendicular to 
the plane of the paper and outwards. 
Torque acting on a dipole is maximum (Tmas = pE) 
when dipole is perpendicular to the field and minimum 
(т = 0) when dipole is parallel or antiparallel to the 
field. 
When a dipole is placed in a uniform electric field, 
it will experience only torque and the net force on 
the dipole is zero while when it is placed in a non 
uniform electric field, it will experience both torque 
and net force. 


POTENTIAL ENERGY OF AN ELECTRIC DIPOLE IN A 
UNIFORM ELECTRIC FIELD 
Potential energy of an electric dipole in a uniform 
electric field is 
U = -pE(cos0; – cos) 
where 0, is the initial angle between р and Ё and 0; 
is the final angle between р and Ё. 
If the dipole is rotated from Ө, = 0° (aligned parallel 
to Ё) to 0; - 0, then 
U =- pE(cos0 - 1) = pE (1— cos0) 
If the dipole is rotated from 0, = 90° (aligned 
perpendicular to Ё) to 0, = 0, then 
U = – pEcos6 = - р: Ё 

Illustration 4: Two charges, one +5 uC and another 

—5 uC are placed 1 mm apart. Calculate the dipole 

moment. 

Soln.: Here, =5 C =5 х 105C, 

2a=1mm=10"m 
Dipole moment, 
p=qx2a=5x 10x 103=5x10%Cm 


Illustration 5 : Two point charges, each of 5 uC but 
opposite in sign, are placed 4 cm apart. Calculate the 
electric field intensity at a point distant 4 cm from 
the midpoint on the axial line of the dipole. 
Soln.: Here, q=5 x 105 C, 2a - 0.04 m, 
а= 0.02 m,r=0.04m 
posl Am 1 2(gx2gr 
aal Anmeg (r-a?) Areg (2-02) 
_ 9x10? x2x 5x10 x0.04x0.04 
[00.04)2 — (0.02) 
144 
x105 
Illustration 6: Two charges + 1000 uC are separated 
by 2mm. The dipole formed is held at an angle of 
30° with a uniform electric field of 15 x 10* NC“. 
Calculate the torque acting on the dipole. 
Soln.: Here, q = + 1000 uC = 10?C, 2a = 2mm 
72x10?m, 0 = 30° 
7. t= рЕзїпӨ = q(2a) x ЕѕіпӨ 
710? x 2x 10? x 15 x 104 sin30° = 0.15 Nm. 
ELECTRIC FLUX 
Electric flux Аф through an area element AS in an 
electric field Ё is defined as 
Ao = E-AS = EAScos® 
where 0 is the angle between E and outward normal 
to the area element. 
It represent the number of electric field lines passing, 
the area element. 
Electric flux is a scalar quantity. 


or Electric field intensity = 5 =10% МСТ. 
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Gauss's law 

Itstates that the total electric flux linked with a closed 
surface is 1/6, times the total charge enclosed by the 
closed surface. 


where 4 is total charge enclosed by the closed 
surface 5. 

The term q on the right side of Gauss's law includes 
the sum of all charges enclosed by the closed surface. 
The charges may be located anywhere inside the 
closed surface. 

The total electric flux through a closed surface is zero 
if no charge is enclosed by the surface. 

Gauss's law is true for any closed surface, regardless 
of its shape or size. 

The surface that we choose for the application of 
Gauss's law is called the Gaussian surface. 

In the situation when the surface is so chosen that 
there are some charges inside and some outside, the 
electric field (whose flux is calculated) is due to 
all the charges, both inside and outside the closed 
surface. However, the term (4) represents only the 
total charge inside the closed surface. 

Gauss's law is based on inverse square dependence 
on distance. 


Applications of Gauss's law 
Electric field due to an infinitely long thin uniformly 
charged straight wire 
Electric field due to thin infinitely long straight wire 
of uniform linear charge density 2 is 
a 
2negr 


where ris the perpendicular distance of the observation 
point from the wire. 


Electric field due to a uniformly charged thin 
spherical shell 

Electric field due to uniformly charged thin spherical 
shell of uniform surface charge density c and radius 
R at a point distant r from the centre of the shell is 
given as follows : 

О Ata point outside the shell i.e., r > R 


l4 
ET 
О Ata point on the surface of the shell i.e., r= К 
14 
R54. 
Ane, R? 
О Ata point inside the shell ie., r< R 
E=0 
Here, q = 4nR?o 


The variation of E with r for a uniformly 
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charged thin spherical shell is as shown in 
the figure. 


m—» 


O r-R o r— 

Electric field due to a uniformly charged non- 
conducting solid sphere 

Electric field due to a uniformly charged non 
conducting solid sphere of uniform volume charge 
density p and radius R at a point distant r from the 
centre of the sphere is given as follows : 

O Ata point outside the sphere i.e., r > R 


ie,r-R 


О Ata point inside the sphere i.e, r<R 
zr. I 40m 
3e, 4л, R? 


Here, q= лр 


The variation of E with r 
forauniform charged non 
conducting sphere is as 


shown in the figure. i E 


Electric field due to a uniformly charged infinite 
thin plane sheet 

Electric field due to a infinite thin plane sheet of 
uniformly surface charge density c is 


E is in dependent of r, distance of the point from 

sheet. 

Electric field due to two thin infinite parallel sheets 

of equal and opposite charges 

Electric field due to two thin infinite parallel sheets 

of uniform surface density +0 and —6, is given as 

follows : 

O Ata point anywhere in the space between the two 
sheets 

с 

Eo 

О At point outside the sheets, E = 0. 


E 


Illustration 7 : A spherical conductor of radius 12 cm. 
has a charge of 1.6 x 107 C distributed uniformly 
over its surface. What is the electric field (i) inside 
the sphere, (ii) just outside the sphere, (iii) ata point 
18 cm from the centre of the sphere? 
Soln.: Here q = 1.6 x 107 C 
R-12cm-0.12m 
(i) Inside the sphere, . This because the charge 
resides on the outer surface of the spherical 
conductor. 
(ii) Just outside the sphere, r = R = 0.12 m. Here 
the charge may be assumed to be concentrated 
at the centre of the sphere. 


_ 9x10" x 16x107 
(0.12)? 
(iii) At a point 18 cm from the centre, 
r=18 cm = 0.18 m. 
2.1 4 9x10 x16x107 
n (0.18)? 
7444 x 10! N C1. 
ELECTRIC POTENTIAL 
Electric potential at a point is defined as amount of 
workdone in bringing a unit positive charge from 
infinity to that point. It is denoted by symbol V. 
Ww 
y-— 
Electric potential is a scalar quantity. 
The SI unit of potential is volt and its dimensional 
formula is [МІ?ТЗА 1]. 
Electric potential due to a point charge q at a distance 
r from a charge is 


210 NC 


ac 
us алеу” 
Electric potential due to system of charges : The 
electric potential at a point due to a system of charges 
is equal to the algebraic sum of the electric potentials 
due to individual charges at that point. 
i (а PLU 1 


BENEA -1 ра 
Amin n om Cn) Amr, 


Electric Potential at any Point due to an Electric 


Dipole 
Р 


The electric potential at point P due to an electric 
dipole is 

_ 1 pcose 

1ш, p 


Special cases : 

О When the point P lies on the axial line of dipole 
ie, 0=0°. 

v=-—2 

REg! 

О When the point P lies on the equatorial line of the 
dipole, i.e., 0 = 90° V=0. 

Electric Potential due to Uniformly Charged Thin 

Spherical Shell 

Electric potential due to a uniformly charged spherical 

shell of uniform surface charge density c and radius 

R at a point distant r from the centre of the shell is 

given as follows : 

О Ata point outside the shell ie., r >R 


Here, q = 4nR?o 
The variation of V with r for a uniformly charged thin 
spherical shell is shown in the figure. 


<> 


О r=R r—> 


Electric Potential due to a Uniformly Charged 
non-conducting Solid Sphere 

Electric potential due to a uniformly charged non- 
conducting solid sphere of uniform volume charge 
density p and radius R at a point distant r from the 
centre of sphere is given as follows : 

О Ata point outside the sphere ie, r» К 


О Ata point on the surface of the sphere ie, r= К 
14 


~ Gre, R 
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О Ata point inside the sphere i.e., r< R 
v=- qGR - r°) 
Anm, 2R? 


4 
Here q= 3n» 


Illustration 8 : Determine the electric potential 
at the surface of a gold nucleus. The radius is 
6.6 x 1075 m and the atomic number Z = 79. Given 
charge on a proton = 1.6 x 10-9 С. 

Soln.: As nucleus is spherical, it behaves like a 
point charge for external points. 


Here, q=ne=79 х 1.6 х 10? C, 
r= 6.6 х 1075 т 
=l 19x10 x79x1.6x10 |, 
Ane, r 6.6x1075 


=17х10 V. 


Illustration 9 : A short electric dipole has dipole 
moment of 4 x 10? C m. Determine the electric 
potential due to the dipole at a point distance 0.3 m 
from the centre of the dipole situated (a) on the axial 
line (b) on equatorial line and (c) on a line making 
an angle of 60° with the dipole axis. 
Soln.: Here, p= 4x 10? C m, r = 03 m. 
(a) Potential at a point on the axial line 
1 p 9x10 x4x10* 
Ane, r? (0.3 
= 400 V. 
(b) Potential at a point on the equatorial line = 0. 
(c) Potential at a point on a line that makes an 
angle of 60* with dipole axis 
ved. poe 
Am r 
_ 9x10 x 4x 10? cos60° 
(0.3)? 


EQUIPOTENTIAL SURFACE 
An equipotential surface is a surface with a constant 
value of potential at all points on the surface. 


Properties of an Equipotential Surface 

Electric field lines are always perpendicular to an 
equipotential surface. 

Work done in moving an electric charge from one point 
to another on an equipotential surface is zero. 

Two equipotential surfaces can never intersect one 
another. 


Relationship between E and V 


= 200 V. 
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-vesign shows that the direction of E is the direction 
of decreasing potential. 


Electric Potential Energy 

Electric potential energy of a system of charges is the 
total amount of work done in bringing the various 
charges to their respective positions from infinitely 
large mutual separations. 

The SI unit of electrical potential energy is joule. 
Electric potential energy of a system of two charges 
15 


1 4% 


Ane, ол; 


where гу; is the distance between q; and qz. 

Electric potential energy of a system of n point 
charges 

1 y 1% 


u=— 
ATE all pairs Tje 


DIELECTRICS AND POLARISATION 

Dielectrics : Dielectrics are non conducting substances. 
In contrast to conductors, they have no (or negligible 
number of) charge carriers. 

Polar molecule : A polar molecule is one in which 
the centres of positive and negative charges are 
separated (even when there is no external field). A 
polar molecule has a permanent dipole moment e.g., 
water (H,O) and HCI. 

Non-polar molecule : A non-polar molecule is one 
in which the centres of positive and negative charges 
coincide. Anon polar molecule has no permanent dipole 
moment. ¢.g., oxygen (O,) and hydrogen (Н). 
Polarisation : The dipole moment per unit volume is 


called polarisation and is denoted by Ё. For linear 
isotropic dielectrics P y E. 

where x, is a constant characteristic of the dielectric 
and is called the electric susceptibility of the dielectric 


medium. 


CAPACITANCE 
Capacitance (C) of a capacitor is the ratio of charge(Q) 
given and the potential (V) to which it is raised. 


c-8 


V 


The SI unit of capacitance is farad (F). 

1 millifarad (mF) = 10? farad 

1 microfarad (ИР) = 105 farad 

1 picofarad (pF) = 10°” farad. 

Capacitance is a scalar quantity. 

The dimensional formula of capacitance is 
[M?L?T:A?]. 


Capacitance of Spherical Conductor 
Capacitance of a spherical conductor of radius R is 
C = Ane R 
Taking earth to be a conducting sphere of radius 
6400 km, its capacitance will be 
6Ax10* 


9x10* 


C-4ng&R- 2711 pF 

Capacitor 

A condenser or a capacitor is a device that stores 
electric charge. It consists of two conductors separated 
by an insulator or dielectric. The two conductors carry 
equal and opposite charges +Q. 

In an electrical circuit, a capacitor of fixed capacitance 
is represented by the symbol as shown in figure (a) 
while a capacitor of variable capacitance is represented 
by the symbol as shown in figure (b). 


-Im H 
(3) [2 

Types of capacitors 
Depending on their geometry, capacitors are classified 
as: 

O Parallel plate capacitor 

O Cylindrical capacitor 

О Spherical capacitor 
Parallel plate capacitor: It consists of two similar flat 
conducting plates, arranged parallel to one another, 
separated by a distance. Its capacitance is given by 


c-5 (when air is between the plates) 


_ Key 


с (when dielectric is between the plates) 


where A is area of each plate and d is separation 
between the two plates. 

When a dielectric slab of thickness Ё and dielectric 
constant K is introduced between the plates, then the 
capacitance of a parallel plate capacitor is given by 

ба £A 
1 
iu) 
When a metallic conductor of thickness ! is introduced 


between the plates, then capacitance of a parallel plate 
capacitor is given by 


Cylindrical capacitor : It consists of two co-axial 
cylinders of same length. 

Capacitance of an air filled cylindrical capacitor is 
.2n&L 


where a and b are the inner and outer radii and L 
is the length. 

Spherical capacitor : It consists of two concentric 
spherical shells. 

Capacitance of an air filled spherical capacitor is 
ab 

b-a 

where а and b are the inner and outer radii. 


C=4ne, 


Illustration 10 : A sphere of radius 0.03 m is 
suspended within a hollow sphere of radius 0.05 
m. If the inner sphere is charged to a potential of 
1500 V and outer sphere is earthed, find the 
capacitance and the charge on the inner sphere. 
Soln.: Here a = 0.03 m, b = 0.05 m, V = 1500 V 
The capacitance of the air-filled spherical capacitor 
is 
4ле) — 0.03х0.05 
b-a  9x10*x(0.05—0.03) 
= 8.33 x 1072 F = 8.33 pF. 
Charge q = CV = 8.33 x 10712 x 1500 
7125x105 C. 
Grouping of Capacitors 
Capacitors in series : For п capacitors connected in 
series, the equivalent capacitance C; is given by 


Capacitors in parallel : For n capacitors connected in 
parallel, the equivalent capacitance Cp is given by 
GEC HC Fast G 

When capacitors are connected in series, the charge 
through each capacitor is same. 

When capacitors are connected in parallel, the potential 
difference across each capacitor is same. 


ENERGY STORED IN A CAPACITOR 

Work done in charging a capacitor gets stored in the 
capacitor in the form of its electric potential energy 
and it is given by 


-leyill 
U=5CV?=5QV= 


Energy Density 

The energy stored per unit volume in the electric field 
between the plates is called energy density (и). It is 
given by 


10 
С 


и= IP 


SHARING OF CHARGES 

When two capacitors charged to different potentials are 
connected by a conducting wire, charge flows from the 
one at higher potential to the other at lower potential 
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till their potentials become equal. The equal potential 
is called common potential. It is given by 
_ Totalcharge _Q,+Q, _ CV, CSV, 
= Total capacity C,+C, — C,*C, 
In sharing charges, there is absolutely no loss of 
charge. Some energy is, however, lost in the process 
in the form of heat ete which is given by 
29000-0). 
Ur oT C) 
Illustration 11 : Two capacitors of capacitances 
C, = 3 pF and C; = 6 НЕ arranged in series are 
connected in parallel with a third capacitor C; =4 uF. 
The arrangement is connected to a 6.0 V battery. 
Calculate the total energy stored in the capacitors. 
Soln.: Equivalent capacitance of the series 
combination of C, and C; is given by 
» 66 
С +С, 
Combination C' is in parallel with C;. 
1. Total capacitance, 
C=C'+C,=2+4=6 pF =6x 10°F 
Energy stored, 


и=лсу? =F x6x10 x6" 
= 1.08 x 107 J. 


Effect of Dielectric 

When a dielectric slab of dielectric constant K is 

introduced between the plates of a charged parallel 

plate capacitor and the charging battery remains 

connected, then 

Q Potential difference between the plates remains 
constant ie, V = Vo 

О Capacitance C increases i.e., C = КС, 

О Charge on a capacitor increases i.e, О = КОБ 

О Electric field between the plates remains unchanged 
ie, E= Ey 

О Energy stored in a capacitor increases 
ie, U = KU 

When a dielectric slab of dielectric constant K is 

introduced between the plates of a charged parallel 

plate capacitor and the charging battery is disconnected, 

then 

О Charge remains unchanged i.e., Q = О; 

О Capacitance increases i.e., C= KC; 

О Potential difference between the plates decreases 


" m 
ie, VaR 
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О Electric field between the plates decreases 
; E, 
ie, Е= 0 


O Energy stored in the capacitor decreases 

" B 

ie, U= X 
where Qo, Со, Vo, E, and ll, represents the charge, 
capacitance, potential difference, electric field and 
energy stored in the capacitor of a charged air filled 
parallel plate capacitor. 


Van de Graaff generator 

A Van de Graaff generator consists of a large spherical 
conducting shell (a few metres in diameter). By means 
of a moving belt and suitable brushes, charge is 
continuously transferred to the shell, and potential 
difference of the order of several million volts is 
built up, which can be used for accelerating charged 
particles. 


ELECTRIC CURRENT 
The time rate of flow of charge through a cross section 
area is called current. 
1,, = 42 and instantaneous current I= Lim 42 = 
"WU AP At20 At dt 
Direction of current is along the direction of flow 
of positive charge or opposite to the direction of 
flow of negative charge. But the current is a scalar 
quantity. 


AQ dQ 


=l 
q®@—velocity 40 —»>velocity 


4—1 


The SI unit of current is ampere and 
1 ampere = 1 coloumb/second (C 5) 
1 coloumb/second =1А 


Electric Current in a Conductor 
In the absence of potential difference across a 
conductor no net current flows through a cross-section. 
When a potential difference is applied across а 
conductor the charge carriers (electrons in case of 
metallic conductors) start drifting in a direction í.e. 
opposite to electric field with drift velocity. 
If A is area of cross-section and п is number of free 
electrons per unit volume then, 

T= nAeo, 
where v, is the drift velocity 


eE 


uy 2—1, 
m 


where e is electronic charge, E is electric field, m is 
mass of an electron, т is relaxation time. 


Illustration 12 : Find the number of free electrons 
per unit volume in a metallic wire of density 
10! kg m^, atomic mass number 100 and number 
of free electron per atom is one. 
Soln.: Number of free charge particles per unit 
volume 

us Total free charge particles 

Total volume 
2. Number of free electrons per atom means 
total free electrons = total number. of atoms 


-M „м 
Mw 
N 
2А хм 
Мухи м 6023x102 х10* 
So n= =M xp= Е 
Vv My 100x107 
n = 6023 x 10 
Illustration 13 : Flow of charge through a surface 
is given as 


Q = 42 + 2t (for 0 to 10 s) 

(a) Find the current through the surface at t = 5 s. 
(b) Find the average current for (0 — 10 s). 

Soln.: (a) Instantaneous current 


dQ d = 
7 SUR: +2t)=8t+2 
At t=5s 


1=8х5+2=42 А 
(b) Average current 
1-20. Q 4x(ü0 «2x10 420. 
1 


42А 
А ot 10 


CURRENT DENSITY 
In a current carrying conductor we can define a vector 
which gives the direction as current per unit normal 
cross-sectional area. 

2 lx а 
Thus =й or 1=]-S 
where Й is the unit vector in the direction of the 
flow of current. 
For random J or S, we use 1- |7: 


Current is the flux of current density. 

Due to principle of conservation of charge, 

charge entering at one end of a conductor = charge 
leaving at the other end, so current does not change 
with change in cross section and conductor remains 
uncharged when current flows through it. 


ohm’s Law: The current flowing through a conductor 
is directly proportional to the potential difference 
applied across its ends, provided the temperature and 
other physical conditions remain unchaned. Potential 
difference = current, V е I or V = RI 

The proportionality constant R is called the resistance 
of the conductor. Its value is independent of V 
and I but depends on the nature of the conductor, 
its length and area of cross-section and physical 
conditions like temperature, etc. Ohm's law may also 


be expressed as 
Ver 
1 
The graph between the potential difference V applied 
across a conductor to the current I flowing through it 
is straight line, as shown in figure. 


Q^ 


ELECTRICAL RESISTANCE 

The property of a substance by virtue of that it opposes 
the flow of electric current through it is termed as 
electrical resistance. Electrical resistance depends on. 
the size, geometry, temperature and internal structure 
of the conductor. 


2, 
We have [= neAv, =neA (2) (sae 
m m 


If V is potential difference applied to the ends of a 
conductor of length 1, then 


V 
Беш 
2, 
net AY, (A, V 
So =|#Є* [Ау [А У - 
! ^) (4) R VSR 
iw Rad, 
pl 


pis called resistivity (it is also called specific resistance), 


m _1 
and р= —- = v? is called conductivity. Therefore 
пе?т 


current in conductors is proportional to potential 
difference applied across its ends. 

Units 

R — ohm(Q), p > ohm-meter (Q m), o > Q^ m^, 
Relation between J, E and v, 

In conductors drift velocity of electrons is proportional 
to the electric field inside the conductor. 

As v= pE 

where ц is the mobility of electrons 
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Current density is given as 
f at = пеш = ne(uE) - 6E 

where с = nep is called conductivity of material and 

we can albo write p= 1 = resistivity of material. Thus 


E = р]. It is called as differential form of Ohm's law. 
Dependence of Resistance on various factors 


1 m l 
Repl2-T..— 
PA ne A 
Therefore, R depends as 
О œl 
@ 1 
A 
2 
п 
1 
о == 
£ 


In metals т decreases as T increases, therefore R also 
increases. 

The resistance of most conductors and all pure metals 
increases with temperature, but there are a few in 
which resistance decreases with temperature. If R, 
and R be the resistance of a conductor at 0°С and at 
Ө°С, then it is found that R = R, (1 + a). 

where o is temperature coefficient of resistance. 
The unit of « is K- or 2С. 


Illustration 14 : If a wire is stretched to double its 
length, find the new resistance if original resistance 
of the wire was R. 


Soln.: As we know that, R= P! (i) 


In case of stretching, R’ = 


Volume of the wire remains constant 


“AT = Al 
Au " (7 r=2) 
7 P21 _ "— 
SR (Using (i) 


ELECTRICAL POWER 
The energy liberated per second in a device is 
called its power . The electrical power P delivered 
by an electrical device is given by P = VI, where 
V= potential difference across device and I= current. 
If the current enters the higher potential point of the 
device then power is consumed by it (i. acts as load). 
If the current enters the lower potential point then the 
device supplies power (ie. acts as source). 
Power consumed by a resistor P=I2R=VI= у. 
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HEATING EFFECT OF ELECTRIC CURRENT 

When a current is passed through a resistor energy 
is wasted in overcoming the resistances of the wire. 
This energy is converted into heat. 

W= VIt joule 


2 
= FRI joule - vt joule. 


Joule Law of Electrical Heating 

The heat generated (in joule) when a current of 
Tampere flows through a resistance of R ohm for 
! second is given by 


2 
H = PRt јоше= LP calorie. 
42 


If variable current is passing through the conductor 
then we use for heat produced in resistance in time 
Ototis , 


H=[PRat 
0 


KIRCHHOFF'S LAWS 


Kirchhoff's Current Law (Junction law) 
This law is based on law of conservation of charge. It 
states that "The algebraic sum of the currents meeting 
ata point of the circuit is zero" or total currents entering 
a junction equals total current leaving the junction. 
Xl, = Xlv. It is also known as KCL (Kirchhoff's current 
law). 
Illustration 15 : Find relation in between current 1, 
Ty, Ty Iy I; and Ig. 


Soln.: I, + h- l3- 14+ 15 + 1,=0 


Kirchhoff's Voltage Law (Loop law) 

"The algebraic sum of all the potential differences 
along a closed loop is zero". ХІК + XEMF -0". The 
closed loop can be traversed in any direction. While 
traversing a loop if potential increases, put a positive 
sign in expression and if potential decreases put a 
negative sign. 

ve 


-V.* V, V,-0. Boxes may contain resistor or 
battery or any other element (linear or nonlinear). 
It is also known as KVL. This law represents 
conservation of energy. 


Illustration 16 : Find the current in given circuit. 
20V uS 28 


Soln. : АП the elements are connected in series. 
^. current in ш of them will be same. 


Let current = 
m о 
D 


зо 30V 


Applying Kirchhoff voltage law in ABCDA loop 
10 + 4I -20 + 1+ 15 +21- 30 + 31=0 
101-25 
1=25А 


20V 10 


к 


OTE ene 
Lv 


COMBINATION OF RESISTANCES 
A number of resistances can be connected and all 
the complicated combinations can be reduced to two 


different types, namely series and parallel. 
Resistances in Series 


Ry 

TQ А 
I = I 
eT 


When the resistances are connected end to end then 
they are said to be in series. The current through each 
resistor is same. The effective resistance appearing 
across the battery, 
К= К+ К, + К+ 

VEM ++ 

The voltage across a resistor is proportional to the 
resistance 


.*R, and 
.* V, 


К, 
v= 1 
RR 


+ Ry + 


Resistances in Parallel 


A parallel circuit of resistors is one in which the same 
voltage is applied across all the components in a 
parallel grouping of resistors Ry, К, Ry ss Ry. 
Conclusions : 
Q Potential difference across each resistor is same. 
О I-h*Lh*l* 1, 
О Effective resistance (К) then 
1.1 1 1 
RR, RR, 
Жы... 


O Current in different resistors is inversely 
proportional to the resistance. 


E: RP UN 


1:1: 
1:2 n7 RORR 


+G, + 


where G -1 = Conductance of a resistor 


EMF OF A CELL AND ITS INTERNAL RESISTANCE 
Electromotive force (emf) of a cell 

It is defined as the potential difference between the 
two terminals of a cell іп an open circuit i., when 
no current flows through the cell. It is denoted by 
symbol е. 

The SI unit of emf is joule/coulomb or volt and its 
dimensional formula is [ML?T2A-!]. 

The emf of a cell depends upon the nature of electrodes, 
nature and the concentration of electrolyte used in 
the cell and its temperature. 

Note : The emf is not a force. 

Terminal potential difference of a cell 

It is defined as the potential difference between two 
terminals of a cell in a closed circuit i.e. when current 
is flowing through the cell. 

It is generally denoted by symbol V and is measured 
in volt. 

Internal resistance of a cell 

It is defined as the resistance offered by the electrolyte 
and electrodes of a cell when the current flows 
through it. 
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Internal resistance of a cell depends upon the following 
factors: 

Distance between the electrodes 

The nature of the electrolyte 

The nature of electrodes 

Area of the electrodes, immersed in the 
electrolyte 


ooooQ 


If a cell of emf ғ and internal resistance r be 
connected with a resistance R, the total resistance 
of the circuit is (R * r). 

Е 


e 
1=—— BEL. 
R+r 


"mA 
Rer! ^5 


where 
Улв = Terminal voltage of the battery. 


Grouping Of Cells 
Cells in series 


Let there be п cells each of emf e, arranged in series. 
Let r be the internal resistance of each cell. Then 
Total emf = ne 


Current in the circuit [= 


ne Ren 
If nr << R then Is 
£ 
If nr >> R then 1-— 
r 
Cells in parallel 
upto m. 


If m cells each of emf ғ and internal resistance r be 
connected in parallel and if this combination be 
connected to an external resistance R then the emf 
of the circuit = £. 
Internal resistance of the circuit =" 

m 


Current in circuit, 
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1f тЁ<<т;1=”Ё 


mim 


If mR>>r;1= 


Cells in mixed grouping 


HH- 


NHH- 
Унь 


ly 


mn = number of identical cells 

n = number of cells in each rows 

m = number of rows 

The combination of cells is equivalent to single cell 


Я * nr 
of emf = ne and internal resistance = — 


m 
ne 
Current [= ur 
R+— 
А т 
For maximum current mR = nr 
nr 
or IU 
m 
dí. "e 
DUK "op "OR 


Illustration 17 : Six cells are connected (a) in series, 
(b) in parallel and (c) in 2 rows each containing 
3 cells. The emf of each cell is 1.08 V and its 
internal resistance is 1 ohm. Calculate the currents 
that would flow through an external resistance of 
5 Q in the three cases. 
Soln.: (a) The cells in series. 
Given that = 108 V n=6,r=1 Q, R-5Q 
The total emf = ne = 6 x 1.08 V 
The total internal resistance = nr = 6 x 1=6 Q 
The current in the circuit 

me _ 61.08 
R+nr 5+6 
(b) The cells in parallel, 
Here e = 1.08 V,m- 6, r-19, R-5Q 
Im 26x108 _ 
Р mR+r 6х5+1 31 


=0.589 А 


=0.209 A 


(c) The cells in mixed grouping with n =3, m = 2 


mne 6x1.08 648 
= AM m = 0,498 A 
mR+nr (2x5)+(3x1) 13 


WHEATSTONE'S BRIDGE 
It is an arrangement of four resistances P, О, R and 
S connected as shown in the figure. 


Their values are so adjusted that the galvanometer 
G shows no deflection. The bridge is then said to be 
balanced. When this happens, the points B and D 
are at the same potential and no current flows through 
galvanometer and it can be shown that 

P_R 

Qs 
This is called the balancing condition. If any three 
resistances are known, the fourth can be found. 


Illustration 18 : In the given circuit, it is observed 
that the current I is independent of the value of 
the resistance R,. Then the resistance values must 


satisfy Re 


Ry 


(а) RRR; = RR 1 


Фф) ——-— + 
R, Re RR, RR, 
(с) RiR = RR, (d) RR; = К.К, 
Soln.: (c) In Wheatstone's bridge, while it is 
balanced, no current flows through the galvanometer 
arm. Current is independent of galvanometer 
resistance. Along those lines, it can inferred that 
I can be independent of К, only when Кү, Ry Ку 
and R, belong to resistance arms and R, belongs 
to galvanometer arm. 
In balanced bridge, 
RR = 
2239 or КК, = RRs. 

ROR 

METRE BRIDGE OR SLIDE METRE BRIDGE 

It is based on the principle of Wheatstone’s bridge. 


T 
3 metre scale. H (2 
Wire AC is 1 m long. R is a resistance to be measured 
and S is a standard resistance of known value. 


The unknown resistance, R = ra 
where / is the balancing length of metre bridge. 


POTENTIOMETER 
Principle of potentiometer : It is based on the fact 
that the fall of potential across any portion of the wire 
is directly proportional to the length of that portion 
provided the wire is of uniform area of cross-section 
and a constant current is flowing through it. 

ie, Væl (If I and A are constants) 

or V=KI 

where K is known as potential gradient i.e., fall 
of potential per unit length of the given wire. 
Comparison of emfs of two cells by using 
potentiometer 


Gisa galvanometer and Rh is rheostat, 1, 2, 3, 
are terminals of a two way key 

&_h 

t h 
where /;, lz are the balancing lengths of potentiometer 
wire for ће emfs e, and ez of two cells respectively. 
Determination of internal resistance of a cell by 
potentiometer 
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the wire is equal to the potential at C. 
(c) If the points C and D are connected by a resistor 


of 1 Q, what will be the current through the 
where I; = balancing length of potentiometer wire bns 


corresponding to emf of the cell, /; = balancing length of Sol а) We take potential at B as 0 V. If we go to 
potentiometer wire corresponding to terminal potential | д уза 8 V battery, potential at A is +8 V. 
difference of the cell when a resistance R is connected | Then we go to point C via3 V battery. Potential drops by 
in series with the cell whose internal resistance is to | зү on crossing the 3 V battery. There is no. p.d. across 
be determined. 1 Q resistor as there is no current in it. 

Illustration 19 : A 8 V battery of negligible internal Thus potential at C is 


resistance is connected across a uniform wire AB (#8V-3V)=5V 

of length 100 cm. The positive terminal of another (b) Now the p.d. across wire AB is 

battery of emf 3 V and internal resistance 1 Q is Va- Vs=8V-0V=8V 

joined to the point as shown here. Take the potential 8V 

at B as zero. The potential gradient is ( ) , 
8v 100 cm 


Let the potential at point D be the same as Ve. 
=Vp=5V 


M 
avs (ce 


э=х-[У5)-вз ст 


c 
зу 19 Hence point D is 62.5 cm from B. 
(c) There won't be any current in the resistor 


)к-зу 


(a) What are the potentials at the point А and C? connecting C and D points as p.d. across it is 
(b) At which point D of the wire AB, the potential of zero i.e. Ve- Vp - 0. 
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UESTIONS FOR PRACTICE 


1 


Two spherical conductors B and C having equal 
radii and carrying equal charges in them repel 
each other with а force Р when kept apart at some 
distance. A third spherical conductor having 
same radius but uncharged is brought in contact 
with B, then brought in contact with C and finally 
removed away from both. The new force of 
repulsion between B and C is 

(a) F/A (Ы) 3F/A (с) в (d) 3F/8. 


‘Two points charges A and B of values +5 х 10? С 
and 43 x 10? C are kept 6 cm apart in air. When 
the charge B is moved by 1 cm towards charge A, 
then work done is equal to 

(а) 4.5 х 10-6 (b) 45107] 

(с) 3.5x107] (d) 45x105] 


An electric dipole is placed at an angle of 30° 
with an electric field of intensity 2 х 10° N C7. It 
experiences a torque equal to 4 N m. Calculate the 
charge on the dipole if the dipole length is 2 cm. 
(à 2mC (b) 4mC (с) 2uC (d) 4uC 


A 10 ЦЕ capacitor is charged to a potential 
difference of 1000 V. The terminals of the charged 
capacitor are disconnected from the power supply 
and connected to the terminals of an uncharged 
6uF capacitor. Whatis the final potential difference 
across each capacitor? 

(а) 167 V (b) 100V 

(с) 62V (d) 250 V 

In the circuit shown in figure, potential difference 


between points A and B is 16 V. The current 
passing through 2 О resistance will be 


40 эу 19 зу 42 


$ iwm INA 
20 

(a) 25А (b) 35A 

(с) 40А (d) zero 


n identical cells are joined in series with two cells 
A and B with reversed polarities. EMF of each cell 
is e and internal resistance is r. Potential difference 
across cell A or B is (n » 4) 


@) = ® x(i-1) 
(9 4 (d) (1-2) 
= A 


7. 


10. 


1. 


12. 


13. 


14. 


A rigid container with thermally insulated walls 
contains а coil of resistance 100 Q, carrying current 
1 A. Change in internal energy after 5 min will be 
(a) zero (b) 10К) (с) 20K) (d) 30K) 


Two spheres of radii Кү and Rz respectively are 
charged and joined by a wire. The ratio of electric 
field at the surface of the spheres is 
o8 ык okr wh 

[3 RÈ R Ry 
Two spherical conductors A and B of radii 
1 mm and 2 mm are separated by a distance of 
5 cm and are uniformly charged. If the spheres 
are connected by a conducting wire, then, in 
equilibrium position, the ratio of the magnitude 
of electric fields at the surface of the spheres A 
and Bis 
(а) 1:4 (b 4:1 (0 1:2 (4) 2:1 
The sides of a rectangular block are 2 cm, 3 cm 
and 4 cm. The ratio of maximum to minimum 
resistance between its parallel faces is 
(a) 4 (b) 3 () 2 (d) 1 
Potentiometer wire of length 1 m is connected 
in series with 490 Q resistance and 2 V battery. If 
02 mVcm is the potential gradient, then 
resistance of the potentiometer wire is 
(a) 492 (b 799 (с) 590 (d) 690 
A conducing wire having 10? free electrons 
per m? carries a current of 20 A. If the cross- 
section of the wire is 1 mm?, then the drift velocity 
of electrons will be (Take e = 1.6 х 10-1? C) 
(а) 125х104 т51 (b) 125x 10? ms! 
(с) 125x1035ms^ (d) 625x10?m s”! 
A resistor has a colour code of green, blue, brown 
and silver. What is its resistance? 
(а) 56Q +5% (b) 560 Q + 10% 
(с) 5609 +5% (d) 5600 Q + 10% 


Consider the following statements regarding the 
network shown in the figure. 
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15. 


16. 


17. 


18. 


19. 


72 


(1) The equivalent resistance of the network 
between points A and B is independent of 
value of G. 

The equivalent resistance of the network 


Q 
between points A and B is E 


(3) The current through G is zero. 
Which of the above statements is/are true? 

(а) (1) only (b) (2) only 

(c) (2) and (3) (d) (1), (2) and (3) 

The plates of a parallel plate capacitor have an 
area of 90 cm? each and are separated by 2.5 mm. 
The capacitor is charged by connecting it to a 
400 V supply. How much electrical energy is 
stored by the capacitor? 

(a) 255x105] (b) -2.55 105] 

(c) -2.05 x 10-7 (d) 2.05 x 105] 


The flux entering and leaving a closed surface are 
5 x 10° and 4 x 10° MKS units respectively, then 
the charge inside the surface will be 

(а) -885x107 C (b) 8.85 x 107C 

(с) 885x107 C (d) -685x107 C 


A conducting sphere of radius 10 cm is charged 
with 10 pC. Another uncharged sphere of radius 
20 cm is allowed to touch it. After that if the 
spheres are separated, the surface density of 
charges on the spheres will be in the ratio of 

(a) 1:4 (Ы) 1:2 

(© 1:3 (d) 2:1 

A4 m long wire of resistance 8 Q is connected in 
series with a battery of emf 2 V and a resistor of 
7 Q. The internal resistance of the battery is 1 Q. 
What is the potential gradient along the wire? 

(а) 1.00 V m7! (b) 075 V m? 

(с) 0.50 V m? (d) 025 V m! 

Current versus time and voltage versus time 
graph of a circuit element is shown below 


MA) му) 


1.0] 4.0 


Ld) 10—78) 
The type of the circuit element is 

(а) capacitor of 2 F 

(b) resistor of 2 Q 

(c) capacitor of 1 F 


(d) a voltage source of emf 1 V. 
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20. 


21. 


Directions : 


In the circuit shown in figure, charge stored in 
A НЕ capacitor is 
20V 


USES ET 

4uFT- 2yF 2yuF 
[s 
оу 

(a) 20uC (b) 40nC (c) 30uC (d) zero 

A cell develops the same power across two 


resistances Кү and R separately. The internal 
resistance of the cell is 


(а) Ку + Ro (b) = 


© үк (9) X 


A voltmeter with resistance 500 Q is used to 
measure the emf of a cell of internal resistance 
4 Q. The percentage error in the reading of the 
voltmeter will be 

(a) 02% (b) 08% 


Ку +R, 


(©) 14% (d) 2.2% 


Question numbers 23-24 contain 


Statement-1 and Statement-2. Of the four choices given 
choose the one that best describes the two statements. 


(a) 
(b) 


(9 


(d) 
23. 


24. 


Statement-1 is false, Statement-2 is true. 
Statement-1 is true, Statement-2 is true, Statement-2 
is the correct explanation of Statement-1. 
Statement-1 is true, Statement-2 is true, Statement-2 
is not the correct explanation of Statement-1. 
Statement-1 is true, Statement-2 is false. 


Statement-1: The capacity of a conductor, under 
givencircumstances, remainsconstantirrespective 
of the charge present on it. 

Statement-2: Capacity depends on size and 
shape of conductor and also on the surrounding 
medium. 


Statement-1: Current flows only when a source 
of p.d. is connected across a material, which has 
excess of free charge carriers. 

Statement-2: Source of p.d. cannot produce free 
charge carriers. It only directs the free charge 
carriers to move in a particular direction. 


. A battery of emf 10 V and internal resistance 3 Q 


is connected to a resistor. The current in the circuit 
is 0.5 A. The terminal voltage of the battery when 
the circuit is closed, is 

(а) 10V (Ы) OV (с) 15У (d) 85V 
The current in a conductor varies with time t as 
I = 2t + 30 where I is in ampere and t in seconds. 


27. 


28. 


29. 


. In the figure shown below 


Electric charge flowing through a section of 
conductor during ѓ= 2 sto t -3sis 

(a) 10C (b) 24C (с 33C (ас 
Two parallel large thin metal sheets have equal 
surface charge densities (с = 26.4 х 10712 C m?) 
of opposite signs. The electric field between these 
sheets is 

(a) 15N C? (b) 1.5 x 1071? N C? 

(c) 3N C7 (d) 3x 1070 N C? 

А gang capacitor is formed by inter locking a 
number of plates as shown in the figure. The 
distance between the consecutive plates is 
0.885 cm and the overlapping area of the plates is 
5 cm?. The capacity of the unit is 

(a) 1.06 pF 

(b) 4 pF 

(c) 636 pF 

(d) 1272 pF 

Two flash light electric incandescent lamps, each 
requiring 3 A at 1.5 V are placed in series and 
connected to a 6 V cell. What resistance must be 
connected in series to operate them? 

(a) 220 (29 (0 69 (419 

the e.m.f. of the cell is2 V = 

and internal resistance is 
negligible. The resistance 
of the voltmeter is 80 Q. 
The reading of voltmeter 
will be 


(a) 2.00V 
(с) 160V 


200 


(b) 133 V 
(d) 0.80 V 


(à): Initially, F=- É à 
: (Feud Е 
when the third equal conductor touches В, the 

charge of B is shared equally between them. 


Charge on B= A = charge on third conductor 


Now this third conductor with charge (3) 


touches C, their total charge ( +4 4) is equally 
shared between them. 
Charge on C= У = charge on third conductor 


New force between B and C 


(using (i) 


2. 


(b): q4 =+5 * 10°C, gg =3* 10°C 

Initial distance between the charges (т) = 6 x 102 m 
Final distance between charges (rz) = 5 х 10? m 
In moving the charge, 

Work done = Final P.E. - Initial P.E. 


11 
-e [1-1] 
29x10? x 5x10? x 3x10? 


1 
6x10 


5x10? 


=135x 107 х 


=45х107] 


(a): Torque, t- px Ё 
2 t-pEsinO 
or 4=px2x 105 x sin30° 
_ 4 
02105 x sin30° 


4x10? Cm 


or 


Dipole moment, p = ql 


0.02 
(c) : After charging, total charge on the capacitor 
q-CV (where C= 10 pF) 
q= 10 x 10% х 1000 = 107 C 
When this charged capacitor is connected to 
uncharged capacitor then total charge remains 


=625V 
16x 10° 
(b): 
зу 40 
И m 
20 
-Vp=16V 
ah «2, +1) - 344l; 2 16 x) 


Using Kirchhof's second law in the closed loop, 
we have 

9-1-2, +h) -0 
Solving equations (i) and (ii), we get 


i) 


h=15 Aand h= 
л Current through 2 Q resistor 
=2+15=35А 
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6. (d): Current in the circuit will be 1= 3€, 
пг 


Hence, potential difference across A or B is 
уте+кее+ Ж, n (i-2) 
nr п 


7. (d): As container is having thermally insulated 
walls. Hence, W = 0. 
Therefore, from first law of thermodynamics, 
AU = AQ = PRI = (1)? (100) (5 х 60) J = 30 kJ 
8. (с) : Joined by a wire means they are at the same 
potential. For same potential 


Kn Kn 
Ri R, 


Further, the electric field at the surface of the 
sphere having radius R and charge q is 4 
R 
E, _ КУК (em p-k 
Е, КЫЗ (К/К) К, К, 


9. (d): When joined by a wire, the two spheres attain 
common potential V. 


Electric field, E, —— 
Am Rh Ra 
у E, К 2 
Similarly, Ej —— 2 —4=—8=" 
2 Re Eg Ra 1 
з=? 
^ 
hop 
h Vv 
2 
= b. p Roi 
7A h V ^ RB 
Ed ai 
For maximum resistance, lı = 4 em 
For minimum resistance, [= 2 cm 
R 
® „16, 
R, 4 


n. 


(a): Potential across potentiometer wire 
y- (02x10) V x1m 


5 -002V 
10°m 


R 
002-——x2 

r+R 
(where R is resistance of potentiometer wire and r 
is resistance connected in series.) 
or 0,02(490 + R) -2R 


э R=49Q 
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12. 


13. 


14. 


15. 


16. 


109 m? 
6x10 C 


(b) : Here, 12 20A, n 
A=1mm?=10° т>, 


Drift velocity, v4 = —— 


nAe 
" 20A 
10? m? x10% m? x 16x10 С 
=1.25 x 10° ms"! 


(b) : Numbers corresponding to green, blue, 
brown and silver are 5, 6, 1 and 10% respectively. 
Therefore, the resistance of given resistor 
756 10! Q + 10% = 560 Q + 10% 
(d): As Ё. 20, hence the given network is 
R^ 2R 

a balanced Wheatstone bridge. Therefore, no 
current flows through G, so equivalent circuit 
diagram is shown in the figure. 


R R 
pr 
2R 2R 
_—_ 
Е 
M 
2R 
A В 
4R 
—_ 
E 


Hence, the equivalent resistance of the network 
between points A and B is 
CRR) 4. 
aT OR+4R 3 


(а): Here, A =90 cm? = 90 х 10* m? 
.5 mm - 25 x 10? m, 
V=400V 


Electrical energy stored = jov? = 


-1y 885x107? x 90x10 
2 25x10? 
7255x105] 

(а): Net flux leaving the surface, 
Ag =4 x 105-5 x 105 = -105 MKS 
Charge must be negative 

4 = Фер = — 105 x 8.85 x 10-12 
--885x107C 


(400)? 


17. 


18. 


19. 


21. 


(d): Common potential, 
volte ___10+40 — 10 
Сү+С; 4neg(0.1+0.2) 4ле(03) 
Charges after contact 


10 — 10 
= CV = Arey (0.1) x — — -— 
qi = CV = Are o( P Fre 03) 3€ 

10 20 
d q = CV = 4ngg(0.2) x — — = — pC 
and ga = CoV {ка ane 03) з" 


The ratio of surface density of charges 


a 2 " 2 
аі. 4 „4% - KJ 
9; am] d) MK 


10 
3 
(d): Current in the potentiometer, 


2 
=1х4=2:1 
2 


T= = 
81741 8 
Voltage drop across potentiometer wire 
V=1x8=1V 
8 
Potential gradient of potentiometer wire 
Y-i 0.25 V m^ 
1^4 
(c) : In case of a capacitor, 
q-CV 


dq dV 
12| |-с| 2. 
(#)-98) 
dV Wy te x 
As “pgp VS =10Vs 


Therefore, if C=1F 
then 171 17 1 A (constant) 


(from graph) 


. (a): The given circuit can be simplified as 


оу 


0 


Now potential difference across each capacitor is 
10/2 or 5 V. 

q=CV 

= (4 uF) (5 V) = 20 uC 
(c) : Let r be the internal resistance of the cell and 
£ its emf. When connected across the resistance 
R; in the circuit, current passing through the 
resistance is 


27. 


" 2 
= К = Ry 
J rd 1 


Similarly һ=[к E 
= 


Given that P; = P; 
Substituting the values, we get 


RR; 


(b) 


(b): Charge present on a conductor determines its 
potential. Capacity is a function of size and shape 
of conductor and of the surrounding medium. 


(b) 


(d): Terminal voltage, V = € — Ir 
V=10-0.5*3=10-15=85V 


(b): а= = рога зуй 
-[P «PB =36-12=24C 


(c) : Electric field between the sheets is 
_о 264x107 
& 885x107 


(b): The given arrangement of nine plates is 
equivalent to the parallel combination of 8 
capacitors. The capacity of each capacitor, 


c 250A, 8894 x 10 x 5x 10 * 
4 0.885 х 1072 
The capacity of 8 capacitors = 8C = 8 x 0.5 - 4 pF 


23NC! 


=0.5 pF 


(d): Resistance of each bulb = 22 = 0.5 0 
Let R О be the required series résistance. Then 
6 

З= 05105 

R-1Q 
(b): The voltmeter is in parallel with 80 Q 
resistance. Let equivalent resistance be R’. Here 
R' = 40 Q. Now, 20 Q resistance is in series with 
R'. So, the equivalent resistance of the circuit 
=20+40-609. 
Current in the circuit = (2/60) A 


Current across 80 Q resistance = = x 


1 
2 
1 


Reading of voltmeter = 80 x 
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11. 
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SAMPLE PAPER 


CBSE CLASS XII 


BOARD EXAMINATION 


In Coulomb's law, on what factors the value of 
electrostatic force constant K depends? nl 


What is non-ohmic device? Give one example. [1] 


Ina single slit diffraction experiment, the width of 
the slit is made double of the original width. How 
does this affect the size and intensity of the central 
diffraction band? ш 


Would sky waves be suitable for transmission of 
TV signals of 60 MHz frequency? ш 


What is the colour of the third band of а coded 
resistor of resistance 2.3 x 10° Q? ni 


When current in a coil changes with time, how is 
the back e.m.f. induced in the coil related to it? [1] 


Why do magnetic lines of force prefer to pass 
through ferromagnetic materials? o 


Is it necessary for a transmitting antenna to 
be at the same height as that of the receiving 
antenna for the line of sight communication? 
ATV transmitting antenna is 81 m tall. How much 
service area it can cover if the receiving antenna is 
at the ground level? ni 


Three charges +q, + 2q and -4q are placed on the 
vertices of an equilateral triangle. If q= 1.0 107 C 
and each side of triangle is 0.1 m, find electrostatic 
potential energy of the system. 2] 


Explain the term stopping potential and threshold 
frequency. А] 


OR 


An objectis placed 18 cm in front of a mirror. If the 
image is formed at 4 cm to the right of the mirror, 
calculate its focal length. Is the mirror convex or 
concave? Whatis the nature of the image? What is 


the radius of curvature of the mirror? 0] 
From molecular view point, discuss the 
temperature dependence of susceptibility 
for diamagnetism,  paramagnetism and 
ferromagnetism. 12] 
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12. 


13. 


14. 


15. 


18. 


19. 


20. 


A light bulb is rated at 100 W for a 220 V supply. 
Find 

(a) the resistance of the bulb. 

(b) the peak voltage of the source 

(c) the rms current through the bulb [2] 
Two wires A and B are formed from the same 
material with same mass. Diameter of wire A is 
half of diameter of wire B. If the resistance of wire 


A is 32 Q, find the resistance of wire B. [2] 
What is a radial magnetic field? How has it been 
achieved in moving coil galvanometer? pl 


Two large parallel thin plates having uniform 
charge densities + o and — б are kept in X-Z plane at 
a distance d apart. Sketch an equipotiential surface 
due to electric field between the plates. If a particle 
of mass m and charge] remains stationary between 
the plates, what is the magnitude and direction of 
the field? 02] 


. The threshold frequency of metal is v,. When the 


light of frequency 2v, is incident on the metal plate, 
the maximum velocity of electrons emitted is 0. 
When the frequency of the incident radiation is 
increased to 5v,, the maximum velocity of electrons 
emitted is v, Find the ratio of v, to vy. pl 


. For a common emitter amplifier, the audio signal 


voltage across the collector resistance of 2 КО is 
2 V. Suppose the current amplification factor of 
the transistor is 100, find the input signal voltage 
and base current, if the base resistance іѕ 1 kQ. [2] 


A proton and an alpha particle are accelerated 
through the same potential. Which one of the two 
has (i) greater value of de-Broglie wavelength 
associated with it, and (ii) less kinetic energy? [2] 


Calculate the longest and shortest wavelength 
in the Balmer series of hydrogen atom. Given 
Rydberg constant = 1.0987 х 107 m“. 13 
What is space wave propagation? Give two 
examples of communication system which use 
space wave mode. 


21. 


24. 


A TV tower is 80 m tall. Calculate the maximum 
distance upto which the signal transmitted from 
the tower can be received. BI 


Figure shows an equiconvex lens of refractive 
index 1.5 in contact with a liquid layer on top of 
a plane mirror. A small needle with its tip on the 
principal axis is moved along the axis until its 
inverted image is found at the position of the needle. 
The distance of needle from the lens is measured 
tobe 45 cm. The liquid is removed and experiment 
is repeated. The new distance is measured to be 
30 cm. What is the refractive index of the liquid? 
[3] 


Q pro 


Obtain equivalent capacitance of the following 
network as shown in figure. For a 300 V supply, 
determine the charge and voltage across each 
capacitor. 13] 


C, - 100 pF 


By 
C3 = 200 pF 2300 V 
——— 


C, 100 pF 


— 
C= 200 pF 
ЕЕ 


. Two cells of voltage 10 V and 2 V and internal 


resistances 10 О and 5 О respectively, are 
connected in parallel with the positive end of 10 V 
battery connected to negative pole of 2 V battery 
figure. Find the effective voltage and effective 
resistance of the combination. BI 


R 
I 2y 59 
h 
һу 109 


In many experimental set-ups the source and 
screen are fixed at a distance say D and the lens is 
movable. Show that there are two positions for the 
lens for which an image is formed on the screen. 
Find the distance between these points and the 
ratio of the image sizes for these two points. — [3] 


25. 


26. 


27. 


g 


Write the order of frequency range and one use of 
each of the following electromagnetic radiations 
(i) Microwaves (ii) Ultra-violet rays 
(iii) Gamma rays 


[3] 


Akhil and Nikhil are arguing about the estimation 
of age of specimen by any scientific method. Akhil 
said that there is no way of finding the age of a 
specimen scientifically. But Nikhil argued that there 
should be one method to find the age of specimen, 
but he is not aware of that method. Tarun, who is 
witnessing this argument, convinced them not to 
proceed with the argument. He said that the age of 
the specimen can be estimated by noting the drop 
in the activity of carbon С", when the organism is 
dead. Listening to the explanation given by Tarun, 
both of them were convinced and also felt happy as 
they have learnt a new concept. 
(i) What moral value do you observe in Tarun? 
(ii) Obtain the amount of ,,Co" necessary to 
provide a radioactive source of 8 mCi strength. 
The half life of „Со is 5.3 years. 13] 


Attelephonic cable at a place has four long straight 
horizontal wires carrying a current of 1 A in the 
same direction east to west. The earth's magnetic 
field at the place is 0.39 G and the angle of dip 
is 35°. The magnetic declination is almost zero. 
What are the resultant magnetic fields at points 
4 cm below and above the cable? I3] 


Draw the energy band diagrams of p-type and 
n-type semiconductors. Explain with a circuit 
diagram the working of full-wave rectifier. 

OR 
Discuss common emitter amplifer, using npn 
transistor. Find its current gain, voltage gain and 
power gain. I5] 


. What are coherent source of light? State two 


conditions for two light source to be coherent. 

Derive a mathematical expression for the width of 

interference fringes obtained in Young's double slit 

experiment with the help of a suitable diagram. 
OR 

Describe an astronomical telescope. Derive 

expression for its magnifying power when final 

image is 

(i) atinfinity 

(ii) atleast distance of distinct vision. 


151 
Explain the phenomenon of self induction. Define 
coefficient of self inductance. What are its units? 
Calculate self inductance of a long solenoid. 

OR 
Give the principle, construction, theory and 
working of an ac generator. I5] 
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The value of K depends on nature of medium 
separating the charges and on the system of 
units. 


Non-ohmic devices are those devices which do not 
obey Ohm’s law. Examples of non-ohmic devices 
are semiconductor diode, liquid electrolyte etc. 


Width of central maximum is z=, when 


width of slit (a) is doubled, width of central 
maxima is halved. Its area becomes 1/4*. Hence 


intensity of central diffraction band becomes 
4 times. 

No, because the TV signal of frequency 60 MHz is 
greater than the upper (limit of signal frequency 
of sky wave propagation i.e., 40 MHz). Therefore, 
TV signal will not be reflected by the ionosphere 
but will penetrate through the ionosphere. 
Resistance = 2.3 x 10° Q = 23 x 10' Q. Therefore, 
the colour of third band of a coded resistance will 
be related to number 1, which is corresponding to 
brown colour. 


Back emf induced in the coil, e=- if 
where L is coefficient of self-inductance of the coil 
and a is the rate of change of current through 


the coil. The variation of -e with Ё is shown in 


figure. 
о, 
ЕН 


х 


—-t 


Magnetic lines of force prefer to pass through 
ferromagnetic materials because permeability (p) 
and susceptibility (z,,) of such materials are very 
high. 
No, for line of sight communication, the two 
antenna may not be at the same height. 
Service area it can cover , A = nd? = n(2 h R) 

(т d= пк) 

_22 


=F *2х81х64х10° = 3258.5 10° т? 


= 3258.5 km? 


Here, q = 1.0 х 107 C and r- 0.1 m 
Potential energy of the system of three charges, 
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10. 


n. 


19 


оу 


= 1 B 
Ue regy VOD CA Cal 
_-104?2 — 9x10 х1001.0х107)2 =-9x10 J 
aneor 0.1 7 


Stopping potential : It is the minimum negative 
potential given to the anode in a photocell for 
which the photoelectric current becomes zero. 
If V, is the stopping potential, then maximum KE 
of emitted photoelectron is 

(КЕ) „= eV, =v - 4, 
MT 

e e 

Threshold frequency: Itis the minimum frequency 
of the incident radiation for which just emission 
of photoelectrons takes place from a metal surface 
without any KE. If v, is the threshold frequency, 
then using Einstein's photoelectric equation, 


0-hw-6 or w= 
OR 
9-2 7 
36 36 
36 
27 =5.14cm 
f77 


As focal length is positive, the mirror must be 
convex. The image is virtual, erect and smaller in 
size. 
Radius of curvature, R = 2f = 2 x 5.14 cm 

= 10.28 cm 


Susceptibility of magnetic material, y = H where 


is the intensity of magnetisation induced in the 
material and H is the magnetising force. 
Diamagnetism is due to orbital motion of electrons 
in an atom developing magnetic moments 
opposite to applied field. Due to it, the resultant 
magnetic moment of the diamagnetic material 
is zero. Hence, susceptibility y of diamagnetic 
material is not much affected by temperature. 


2. 


13. 


M. 


Paramagnetism and ferromagnetism is due to 
alignments of atomic magnetic moments in the 
direction of the applied field. As temperature 
is raised, this alignment is disturbed, resulting 
decrease in susceptibility of both, with increase in 
temperature. 


Here, P = 100 W, E, = 220 V, 
2 2 

From, Р= E, к= E 2220x220. sey 
R Р 100 


220 


Rp=—4 == 
16 16 

Radial magnetic field is that field, in which the 
plane of the coil always lies in the direction of the 
magnetic field. A radial magnetic field has been 
achieved by 

(i) properly cutting the magnetic pole pieces in 

the shape of concave faces 
(ii) using a soft iron core within the coil. 


In the figure, we have shown the electric field 
lines by full line curves. The corresponding 
equipotential surfaces are shown by dotted line 
curves. 
If E is magnitude of the field between the plates, 
then as particles remains stationary, 
upward force due to electric field 

7 weight of particle 


or -qE- mg 
Б=- 6 
q 


16. As v, is the threshold frequency, so 


17. 


18. 


19. 


Work function, W = у 
Using Einstein's photoelectric equation, we get 


ime = хоо —W=2hvy—hvy=hvy — 4) 


and jo} = =h x 500 — hvg = 5 — hvg = 4hvg 


EU 
Divide (i) by (ii) we get 
1 
2 
1 
2 
ee ГТ 
v 2 
Here, R, = 2000 Q, V, - 2 V, В, = 100, R,- 1000 Q 
Vo sg Ro 
Аз, A RI 
vov =й R 
Of YaMM 
Bac-(Ro /R;) 100(2000/1000) 


(i) When a charged particle of charge q mass m is 
accelerated under a potential difference V, let v be 
the velocity acquired by the particle, then 


pe or mo = [2mqV]? 

h 1 
Um Eu iini 
hy 

Hence, — Pala zum x 2E 
D my, Vm e 

=2V2>1 
ог X 


ie, de-Broglie wavelength associated with proton 
is greater than that of alpha particle. 
(ii) Kinetic energy of charged particle 


E,=qV, ie, Eje q 
E, 
EOM ML E, «E, 
Б, d. 2 2 р а 
ie, proton has less kinetic energy than 
a-particle. 


The wavelength (A) of different spectral lines of 
Balmer series is given by 
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3 a 2] 
aR ge a| wheren=3,4 56 
For longest wavelength, n =3 


1 z[1 1 2.5 
+ =1.097 x 10’ | — – = |21.097 x 10° x — 
a Е Р z] 36 


36 
——— n 
5x 1.097 x 10 
36x10" 
5x 1.097 x 107 
X = 6563 A 
For shortest wavelength, n = еә 
1. z[1 1] 1097x107 
à 71097 x10 E ipee 
10 À 
= 4 ~ 4x10 A едд 


A= ———_ m= 7s 
1.097 x 10' 1.097 x 10' 


20. Space wave propagation: It is the mode of 
propagation in which waves travel in space in a 
straight line from the transmitting antenna to the 


receiving antenna. 


Television broadcast, satellite communication 
are the two examples of communication system 


which use space waves. 
Here, h =80 т, R = 64 х 105 m = 64 x 105 m 


d - 2hR 
d= 52x 80x 64 x 105 
d-32x10m -32 km 


21. Letfocal length of convex lens of glass, f, = 30 cm, 
focal length of planoconcave lens of liquid, f, 
Combined focal length, F = 45 cm 


For glass lens, let R, = R, R. 
u-3/2 


i-Qayi«4 
30 (2 AR R 
R-30cm 

For liquid lens, R, =- R = – 30 cm, R,= = 


80 PHYSICS FOR YOU | JANUARY"14 


shown. 
e 
с 100 pF 
100 pF 


300 V: 
(b) 


Ca 

1] 

100pF 200pF 
300 V: 


(o) 
In figure as 100 pF and 200 pF capacitors are in 
series, potential difference across C, is in the ratio 


2+1 

4, 7 CV, = (100 x 1072) x 200 =2 x 10* C 
Potential difference across 200 pF = 300 — 200 = 100 V 
This must be the potential difference across C, 
ie, V,- 100 V 

q, =C,V, = (100 x 107?) x 100 = 10°C 

Also, potential difference across С„ C, in series 
=100V 


. == 0-50у 


d, = C,V, = (200 x 107? х 50 - 10* C, 
= CV, = (200 x 10?) х 50 -10* C 


R 
B а 
1 2V 
А 
EUR BN р 14 1 
i 1 
Дд є 

10у 102 4 

(a) 6) Ку 
According to Kirchhoff’s first rule, at junction A 

L-1*l 

ог I-h-L —@) 


24. 


According to Kirchhoff's second rule, in closed 
loop ABCDA, we have 


IR=1,x5+2=0 or 12/832 (i) 
In closed loop BCEFB 
IR+1,x10-10=0 or = 108 iii 


Putting values in (i), we get 
110-18 IR*2 10-IR-2IR-4 6-3IR 
10 5 10 10 
or 101=6-3IR or [(10+3R)=6 
126263 
10+3К (10/3) + К 


Ife and К, are the effective voltage and effective 
internal resistance of the combination, then from 


figure (b). 


dv) 


а= 
Ry +R 


Comparing (iv) and (v), we get, 


xv) 


к=б=2У, 
3 


10 
Rg-—9 
Ws 


In the lens formula, 


we find that u and v are reversible. Therefore, 
there are two positions of the object, for which 
there will be an image on the screen. 


Let the first position be when lens is at C, 
=u + v= D = distance between source (О) and 
screen I. 


oru --(D-v) 

Putin (i) 
1, 1 .1,D-vro 1 
v D-v f  wD-v) f 


ог Do-v = ӯ or v - ро+ Df-0 


Я 2 
2 
NRI 


26. 


2 _ 
Thus ‘if object distance is, u D AP DAT 


2 _ 
then image distance is, y= D XD'-4Df 


[2 


2 
Again, if object distance is, у= D. УО 407 


D, yD? -4Df. 
2 2 


The distance between two positions of the lens for 
these two object distance is 


SM i D? -4Df 


2 
2 


then image distance is, v= 


-4 
2 


Magnification, m =2= 2-4 


u 
if u= 2-4 then o 2+ 
2 2 2 


Magnification, m, = 


(i) Microwaves : 
10° Hz to 10? Hz. 
Use : Microwaves are used for radar systems in 
aircraft navigation. 

(ii) Ultra-violet rays : Order of frequency range 
10" Hz to 10" Hz. 

Use : Ultra-violet rays are used to destroy 
the bacteria and for sterilizing the surgical 
instruments. 

(ii) Gamma rays : 
105 Hz to 10? Hz. 
Use : Gamma rays are used in the treatment of 
cancer and tumours. 


(i) Readiness to teach his juniors, concern of 
juniors towards learning. 
(ii) Strength of source, 

dN 


Order of frequency range 


Order of frequency range 


Fa .0 mCi 
.0 x 3.7 х 107 disintegration per second 
Half Life, T,„= 5.3 years 
=5.3 х 365 x 24 x 60 60 sec = 1.67 х 10* s 
420699. 069 ауга 
Ty» 167x105 
dN 
As SN LAN 
dt 
y 
nadN/dt _8x37x10" _7 15. 1916 


a 414x107? 
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By definition of Avogadro's number, 

Mass of 6.023 x 10? atoms of „Со® = 60 g 

Mass of 7.15 х 10° atoms of „Со® 

_60х715х10!е 

6.023 х10° 

27. Here, no. of wires, п = 4,1=1.0А, 

earth's field, R = 0.39 х 10^ T ['~ 1 G = 10^T] 

Dip angle, 8 = 35°, declination 0 = 0° 

r-4cm each = 4х 10? m 

Magnetic field at 4 cm due to currents in 4 wires, 


Ba ax bol ахат ayo T 
2nr 2nx4x107 
Horizontal component of earth's field 
H =R cos 8 = 0.39 х 10 cos 35° 
70,39 x 10 x 0.8192 = 3.19 x 10° T 
Vertical component of earth's field 
V =R sin ё = 0.39 x 10% sin 35° 
70.39 x 10* x 0.5736 = 2.2 x 10^ T 


2742x105 g 


N 
H 
pl 
w an Е 
UJ Current 
Q 


5 


28. 


At point О, 4 cm below the wire, horizontal 
component due to earth's field and field due to 
current are in opposite directions, so that 
H,-H-B 

H, =3.19 x 105-2 x 105=1.19 «10° T 
Hence, 


R = yR? ev? 


*(22x1 


At point P, 4 cm above the wire, horizontal 
component of earth's field and field due to current 
are in the same direction, 
2 Н,=Н+В=3.19х 10 +2 x 10% =5.19 x 10?T 
Ry = нї +v? = (19105) +(2.2x10®} 

7564x105 T 
Refer point 9.2, 2 (a,b), 6(ii) page no. 531, 534 
(MTG Excel in Physics) 

OR 


Refer point 94(8) page no. 540 (MTG Excel in 
Physics). 


. Refer point 6.13 page no. 406 (MTG Excel in 


Physics). 

OR 
Refer point 6.9(3) page no. 347 (MTG Excel in 
Physics). 


. Refer point 4.2(1) page no. 226 (МТС Excel in 


Physics). 
OR 
Refer point 4.8(2) page no. 252 (MTG Excel in 
Physics). 
um 
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SEMICONDUCTOR ELECTRONICS : MATERIALS, DEVICES AND SIMPLE CIRCUITS | COMMUNICATION SYSTEMS 


SECTION-1 
Only One Option Correct Type 


This section contains 15 multiple choice questions. Each 
question has four choices (a), (b), (c) and (d), out of which ONLY 
ONE is correct. 


1. 


What would be the percentage power saving 
when the carrier and one of the side bands were 
suppressed in an AM wave modulated to a depth 
of 7596? 


(a) 891% (b) 91% 
(с) 7.81% (d) 100% 


A ground receiver station is receiving a signal at 
5 MHz, transmitted from a ground transmitter 
at a height of 300 m located at a distance of 
100 km. Identify the mode of propagation. (Radius 
of earth = 64 x 105 m; Nmax of ionosphere = 102 m-3) 
(a) ground wave propagation 

(b) space wave propagation 

(c) sky wave propagation 

(d) satellite communication 


The saturation current of a p-n junction diode 
made from germanium at 27°C is 105 A. What 
will be the required potential in order to obtain 
a current of 250 mA in forward bias? (Boltzman 
constant k - 1.38 х 10] K?) 

(а) 026 V (b) 26V 

(c) 0.52 V (9) 104 V 


When a p-n junction diode made from germanium 
or silicon is forward-biased, energy is released at 
the junction due to the recombination of electrons 
and holes. This energy is in 

(a) Visible region 

(b) Infrared region 

(c) UV region 

(d) X-ray region 


5. 


Logic gates X and Y have the truth tables shown 
below 


Ay 

Alla серу R 
А В EB 
о јо | о [о [т 
1 {оо {1 о 
0|1|0|-|- 
1|1]|1:-|- 


When the output of X is connected to the input 
of Y, the resulting combination is equivalent to a 
single 

(a) NOT gate (b) OR gate 

(с) NOR gate (d) NAND gate 


A transistor is operated in common-emitter 
configuration at constant collector voltage, 
Vc = 1.5 V such that a change in the base current 
from 100 pA to 150 pA produces a change in the 
collector current from 5 mA to 100 mA. The current 
gain is 


(a) 67 (Ы) 75 (d) 50 


Which of the energy band diagrams shown below 
corresponds to that of a semiconductor? 


(c) 100 


cB 
cB 
(а) -— ув (b) 
ув 
© cB (d) CB 
E, 2» ks 
VB VB 


Inthecircuitshownin figure, thecurrentgain,B=100 
forthe transistor. What would be thebase resistance 
Кр so that Ус, = 5 V? (Neglect Viz). 
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10. 


n. 


12. 


13. 


84 


(а) 2x10 Q 
(с) 1x10°Q 


(b) 2x10 Q 
(d) 5009 


A transmitting antenna at the top of a tower has 
a height of 36 m and the height of the receiving 
antenna is 49 m. What is the maximum distance 
between them for satisfactory communication in 
LOS mode? (Radius of Earth = 6400 km). 

(а) 20km (b) 25.6 km 

(c) 465km (d) 684 km 


Figure shows a communication system. What 
is the output power when input signal is of 
1.01 mW? [Gain in dB = 10 logi, (Py/P)] 


10dB 20dB 
Input Los:2dBperkm | Output 
cpm. 
Amplifier Amplifier 
(a) 90mW (b) 202 mw 
(c) 101 mW (d) 405 mw 


A sky wave with a frequency 55 MHz is incident 
on the D region of Earth's atmosphere at 30°. The 
angle of refraction is (electron density for D-region 
is 400 х 10 electrons per m?) 


(a) 60° (b) 15 — (o) 4» — (d)30 


A light beam entering an optical fiber makes an 

angle of 10° with the fiber core-fiber clad boundary 

surface. If the fiber core and clad refractive indices 

are 1.5 and 149 respectively, can this beam 

propagate along the fiber? 

(a) No 

(b) Yes 

(c) Refractive indices have nothing to do with 
beam propagation 

(d) The given data is insufficient 

The length of germanium rod is 0.928 cm and its 

area of cross-section is 1 mmy. If for germanium. 

n;=2.5 x 10? m, py, = 0.19 m? Ү-15- and 

He = 0.39 m? У-15-1, then the resistance of rod is 

(a) 25kQ (b) 4kQ 

() 5kQ (d) 10kQ 
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M. 


15. 


A TV tower has a height of 100 m. What is 
the maximum distance upto which the TV 
transmission can be received (R = 8 x 10° m)? 

(а) 3477 km (b) 32.70 km 

(с) 40km (d) 40.70 km 


A common emitter amplifier has a voltage gain of 
50, an input impedance of 100 Q and an output 
impedance of 200 О. The power gain of the 


amplifier is 
(a) 500 (b) 1000 
(c) 1250 (d) 100 


SECTION - 2 


One or More Options Correct Type 


This section contains 10 multiple choice questions. Each 
question has four choices (a), (b), (c) and (d), out of which ONE 
or MORE are correct. 


16. 


17. 


18. 


19. 


In an npn transistor circuit the collector current is 
10 mA. If 90% of the electrons are able to reach the 


collector 
(a) the emitter current will be 9 mA 
(b) the emitter current will be 11 mA 
(c) the base current will be 1 mA 

(d) the base current will be 0.1 mA. 


Which of the following statements is/are correct? 
(a) Thesky waves are the radiowaves of frequency 
upto 30 MHz 

The sky waves are reflected from ionosphere 
Ina single reflection from ionosphere, the sky 
‘waves cover a distance not more than 4000 km 

The critical frequency for sky wave is 4 MHz 
for F-layer of ionosphere. 

An audio signal of 15 kHz frequency cannot 


be transmitted over long distances without 
modulation because 


(a) the size of the required antenna would be at 
least 5 km which is not convenient. 

(b) theaudio signal cannotbe transmitted through 
sky waves 

(c) the size of the required antenna would be at 
least 20 km, which is not convenient 

(d) effective power transmitted would be very low, 
if the size of the antenna is less than 5 km 


(b) 
© 


(4 


In amplitude modulation, the modulation index 

i, is kept less than or equal to 1 because 

(а) 1» 1, will result in interference between carrier 
frequency and message frequency, resulting 
into distortion 

(b) и> 1, will result in overlapping of both side 
bands resulting into loss of information 

(c) и> 1, will result in change in phase between 
carrier signal and message signal 


20. 


21. 


24. 


(d) н> 1, indicates amplitude of message signal 
greater than amplitude of carrier signal 
resulting into distortion 


Audio sine waves of 3 kHz frequency are used to 

amplitude modulate a carrier signal of 1.5 MHz. 

Which of the following statements are true? 

(a) The side band frequencies are 1506 kHz and 
1494 kHz. 

(b) The bandwidth required for amplitude 
modulation is 6 KHz. 

(c) The bandwidth required for amplitude 
modulation is 3 MHz. 

(d) The side band frequencies are 1503 kHz and 
1497 kHz. 


To reduce the ripples in a rectifier circuit with 
capacitor filter 

(a) R, should be increased 

(b) input frequency should be decreased 

(c) input frequency should be increased 

(d) capacitors with high capacitance should be used 


Figure shows the transfer characteristics of a base 
biased CE transistor. Which of the following 
statements are true? 


V; 

O06V 2V 

(a) At V;=0.4 V, transistor is in active state. 

(b) At V;=1 V, it can be used as an amplifier. 

(© AtV,=0.5\, it can be used asa switch turned off. 
(9) At V;=25 V, it can be used as a switch turned on. 


. The light emitting diode (LED) 


(a) emits light when reverse biased 

(b) emits light when forward biased 

(c) is made from one of the two basic 
semiconducting materials silicon and 
germanium 

(d) is made from semiconducting compound 
gallium arsenide-phosphide. 


What happens during regulation action of a Zener 

diode? 

(a) The current in and voltage across the Zener 
remains fixed. 

(b) The current through the series resistance 
changes. 

(c) The Zener resistance is constant. 

(d) The resistance offered by the Zener diode 
changes. 


25. The breakdown in a reverse biased p-n junction 

diode is more likely to occur due to 

(a) large velocity of the minority charge carriers 
if the doping concentration is small 

(b) large velocity of the minority charge carriers 
if the doping concentration is large 

(c) strong electric field in a depletion region if the 
doping concentration is small 

(d) strong electric field in the depletion region if 
the doping concentration is large 


Paragraph Type 
This section contains 2 paragraphs each describing theory, 
experiment, data, etc. Four questions relate to two paragraphs 
with two questions on each paragraph. Each question of a 
paragraph has only one correct answer among the four choices 
(а), (b), (c) and (d). 
Paragraph for Questions 26 and 27 

Figure shows an n-p-n transistor connected to two 
resistors Rs and Rc and a battery Vcc. Ip and Ic are the 
base and collector currents where I; << Ic and В = 10/1 
(current gain of a transistor in CE configuration). 

Take Усс = 10 V, Rg = 500 КО, Rc = 500 Q, B = 100. 


26. The base current (lp) is 


(a) SHA (b) 18mA 

(c) 18.2 pA (d) 8mA 
27. The collector voltage (Vc) is 

(a) 18V (b) 18V 

(c) 10V (d) 9.1 V 


Paragraph for Questions 28 and 29 
A silicon p-n junction diode 
is connected to a resistor R @ 
and a battery of voltage Vg s 2 
through milliammeter (mA) 1 

as shown in Figure. Vs 
The knee voltage for this junction diode is Vy = 0.7 V. 
The p-n junction diode requires a minimum current of 
1 mA to attain a value higher than the knee point on 
the I-V characteristics of this junction diode. Assuming 
that the voltage V across the junction is independent of 
the current above the knee point. 
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28. If V; = 5 V, the maximum value of R so that the 
voltage V above the knee point voltage is 
(a) 40kQ (b) 43kQ 
(с) 50kQ (d) 87 КО 

29. If Vy = 5 V, the value of R in order to establish а 
current of 6 mA in the circuit is 


(a) 833Q (b) 7172 
(c) 950 2 (d) 733 Q 
Matching List Type 


This section contains 2 multiple choice questions. Each question 
has matching lists. The codes for the lists have choices (a), (b), 
(c) and (d), out of which ONLY ONE is correct. 


30. The logic circuits are given in List I and the 
Boolean expressions in List II. Select the correct 


supe 4 |Y-A*B 
«d =r 
Codes 
P Q R S 
03 4 1 2 
(3 4 2 1 
(1 4 3 2 
(d) 4 3 2 1 


31. Match List and List II and select the correct match 
out of the four given codes. 


List I | 
P Microphone 1. 


List II 
Itconverts pressure variation 
into electrical signals. 


2. | Itis the loss of strength 
of signal during its 
propagation through 

| communication channel. 


Q. | Piezo-electric 
senser 


R. | Photo-detector |3. | It converts speech signal 
into electrical signals. 


5. | Attenuation |4. It converts light signals 
Ns RENS 
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P Q R S 
(1 2 3 4 
3 4 2 1 
(03 4 1 2 
(3 1 4 2 


SECTION - 5 


Assertion-Reason Type 
This section contains 4 questions. Read the two statements in 
the following questions. Of the four choices given, choose the 
one that best describes the two statements. 
(a) Statement is true, Statement-II is true; Statement is а 
correct explanation of Statement-l. 
(b) Statement-lis true, Statement4l is true; Statement-II is not a 
correct explanation of Statement-l. 
(c) Statement is true, Statement-Il is false. 
(d) Statement is false, Statement4ll is true. 
32. Statement-I : FM broadcast is preferred over AM 
broadcast. 
Statement-II : Process of combining the message 
signals with carrier wave is called demodulation. 
33. Statement-I : Higher the modulation index, the 
reception will be strong and clear. 
Statement-II : The degree, to which the carrier 
wave is modulated is called modulation index. 


34. Statement-I : If forward current changed by 
1.5 mA when forward voltage in semiconductor 
triode is changed from 0.5 V to 2 V, the forward 
resistance of diode will be 1 Q. 

Statement-II : The forward resistance is given by 
NET 
T Ri f 

35. Statement-I : The surface wave propagation is used 
for medium frequency and low frequency band. 
Statement-II : The attenuation of surface waves 
increases with increase in frequency. 


Integer Value Correct Type 


This section contains 5 questions. The answer to each question 
is a single digit integer, ranging from 0 to 9 (both inclusive). 


36. A Zener of power rating 1 W is to be used as a 
voltage regulator. If Zener has a breakdown of 5 
V and it has to regulate voltage which fluctuated 
between 3 V and 6 V, what should be the value of 
Rs for safe operation. 
Rs 


Regulated : 
voltage  ; 


37. 


39. 


A signal wave of frequency 4.5 kHz is modulated 
with a carrier wave of frequency 3.45 MHz. The 
band width of FM wave in kHz is 


. For an amplitude modulated wave, the maximum 


amplitude is found to be 10 V while the minimum 
amplitude is found to be 0 V. Determine the 
modulation index н. 


The mean free path of conduction electrons in 
copper is about 4 x 10 m. The electric field which 
can give on the average 2.4 eV energy to conduction 
electron in copper block is a x 107 V m”. What is the 
integer value of a? 


. A common emitter amplifier gives an output of 


З V for an input of 0.01 V. If В of the transistor 
is 100 and the input resistance is 1 kQ, then the 
collector resistance in kQ is 


SOLUTIONS 


1. 


(a): Here, modulation index, p= 73. =, 
10 4 


Power produced by the AM transmitter 


As B= DO Shalem es a 
Pap = PH -px 929p 
3B t4 t" qex4 64 с 
On suppressing, power saved is 
9 7 
== 
7 
Percentage saving = б% © x 100 
E ] 
=4*x100= T x10 = 89.1% 
Alp axa 
32* 


(с): Maximum distance covered by space wave 
communication 


= 26у = 26.4 х10% x 300 = 62 x 10? т. 


Since receiver-transmitter distance is 100 km. 
Therefore signal cannot go either by ground wave 
or space wave. 

For sky wave, the value of critical frequency of 
signal should be 


1 1 
v, = 9 max)? -9(102)2 = 9 x 10° Hz - 9 MHz. 
As the signal frequency 5 MHz « 9 MHz, so the 
communication is through sky waves. 
(a): Here, I = 105 A, T = 27 +273 = 300 К, 
=250x103A 
Ав T= Ife] 


250 xu 


viet Tye +1=25001 
lo 
or арна. or у=10127Х@7 y 


e 


j23 
10.127 «1.38 x10 x 300. 0.26 y, 
16x10" 


(b): Ifp-n junction diode is made from germanium 
orsilicon, theenergy released dueto recombination 
of free electrons and holes is in the infrared 
region. However, if the p- junction diode made 
from gallium arsenide or indium phosphide, then 
the energy released due to recombination of free 
electrons and holes is in the visible region. 

(d): The truth table of the resulting logic circuit by 
connecting X to Y is as follows 


л [в[с[к] 
о [о о [1 | 
110 от 
о |1 [о [1 
1 1 i 0 


Hence, form the truth table, the combination is 
equivalent to a single NAND gate. 
(с): As Aly 150 uA — 100 pA = 50 pA; 
and Alc - 10 mA -5 mA=5 mA, 
Current gain, 
Ас 5mA  5x10?A a 
~ Alg 50НА 50x10 A 
(d):In a semiconductor, the energy gap 
(E,) between valence band and conduction band 
corresponds to thermal energy (kT) at room 
temperature (T). 
Hence option (d) represent the correct diagram. 
(b): Hes B= 100, Vee =5 V, Vec=10 V 


log 
=-© ог1„=-©=-С- wai 
As B= Eorly B 100 @ 


Also, Vcr = Vcc- IcR, 
or 5V-10V -Icx 1000 


тс = A 25x10? A 


10000 
and Ip = A -5x105A (Using (i) 
Thus, Ry == 
B 
10V А i 
=Y ol2x050 neglecting Vs) 
5x105A (gioca 
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10. 


1. 


12. 


(с): Here, л = 36 т, hg = 49 m апа К = 6400 km 
If dy is the maximum distance between two 
antennas for satisfactory communication in LOS 
mode, then 

Ям = йт+ dg 


= Хк, + [к 


= (2 х 6400 km х 36x 10? km). 


+2 X 6400 km x 49 x 10? km) 


721.5 km +25 km = 46.5 km 

(c) : Total gain of both the amplifiers 

= 10 dB + 20 dB = 30 dB. 
Loss suffered in transmission path 

= (2 dB/km)(5 km) = 10 dB. 
overall gain of the signal = net gain of the amplifier 

=30 dB – 10 dB = 20 dB. 

As gain in dB = 10logyo(Py/P), 
20 = 10logi(Py/P) or logyo(Py/P)=2 
(PP) = 102 
Po = 102P; = 102 x 1.01 mW = 101 mW 


or 
or 


(d): Here for D region, v = 55 x 105 Hz, i= 30°, 
М = 400 x 105 electrons per m? 


145N б 
Ав и. [8145 _ |у 8145400100 
v 


(55x106)? 
Now p= Sit! ог Sint 
sinr sinr 
or sini=sinr 
i=r=30°. 
(а): Critical angle of core-cladding surface is 
sinc = #2 = 149 _ 9.9933 = sin 83°21" 
Hy 
or С= 83°21'. 
For optical fiber, 
sind, — H sin®, p 
sin(90-6)) ро  cos0; Ho 
Ho fa 
ө, = F^ sino, 10° 
© ей гапе, = cain 0 
2 
= 30.1736 = 0.1157 
6, = 83°23" 


As the angle of incidence at the core and cladding 
surface is just equal to critical angle, so the ray will 
not suffer total internal reflection. Hence beam can 
not propagate along the fiber. 
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13. (b): Since 
zm Rz oai. 
A nep, *u,)A с nep, + Hy) 
R= 0.928 x10? 
25x10? x 1.6x 1071 (0.39 +0.19) x10 
-40000 -4kQ 


M. 


15. 


16. 


17. 


18. 


(c) : Maximum distance, d= /2hR 


-2x100x8x105 = 40x 105m = 40 km 


(c) : ac power gain is the ratio of change in output 
power to the change in input power. 
ac power gain 

_ Change in output power _ AVAL, 

~ Change in intput power АУДА, 


AV, Al, 
- e) nne 


where Ay is voltage gain and Вас is ac current 
gain. 
Ato A =Bac( $2} 
R; 
Given, Ay = 50, Rọ = 200 Q, R;=100 Q 
200 
He , 50= x 
lence, Bac 100 
Bac=25 
Now, ac power gain = Ay x Bac 
=50 х 25 = 1250 
(6,0): As Ip=Ip+ Ic 
And collector current, Ic = 10 mA. 
Since 90% of the total current passes through 
collector, so emitter current is 
Ip = 10 x10=11mA. 
90 


Base current Ig = Ip -1с= 11 - 102 1 mA. 


(b,c): The statements (b) and (c) are correct. The 
statement (a) is wrong because, the sky waves are 
the radiowaves of frequency 2 MHz to 30 MHz. 
The statement (d) is wrong because the critical 
frequency for F-layer of sky wave is 6 to 8 MHz. 


(a,b,d) : 
PERCBELLOUEN 


3. = 20x 105m = 20 km. 
v 15x10Hz 


Length of the antenna, required | = А Е 2 =5km 


Audio signals are low frequency waves. They 
cannot be transmitted through sky waves as they 
are absorbed by atmosphere. 


19. 


21. 


Effective power radiated by the antenna of length 


2 
|, Pee (i | If I decreases, P decreases. 


(b,d) : 

D Asuy- carrier frequency deviation(Av) 
modulating frequency(v,, ) 

when p? 1. AV > Vy. 

Thus, there will be overlapping of sidebands in 

the frequency modulated wave. 

This will result in loss of information. 

AS и = А„/А„, when p> 1, Ay, > Ag, 

ie, amplitude of message signal is greater than 

the amplitude of carrier signal. This results in over 

modulation leading to excessive distortion of the 

transmitted modulated carrier wave. 

Note : Here, цу is the modulation index of FM 

wave and p is modulation index of AM wave. 


. (bd): 


Bandwidth required for amplitude modulation 
= 2v, = 2(8 kHz) = 6 kHz. 

USB = (v, + v) = (1.5 MHz +3 kHz) = 1503 kHz 
and LSB = (v, — v) = (1.5 MHz - 3 kHz) = 1497 kHz 


(a,c,d) : 


As ripple factor, rez 1 . to reduce ripples, 


G) К, should be increased. 
(ii) input frequency (v) should be increased. 

(iii) capacitor with high capacitance (C) should be 
used. 


. (bcd): 


At V; = 1 V, it is the active region, where the 
transistor can be used as an amplifier. 

At V; = 0.5 V, it is the cut-off region, where the 
transistor can be used as a switch (off). 

At V; =2.5 V, it is the saturation region, where the 
transistor can be used as a switch (on). 


(b,d) 


. (bd): If during regulation the input voltage 


changes, the current through the series resistance 
and Zener diode also changes. Any change in 
the input voltage results in a change of potential 
difference across the series resistance without any 
change in voltage across the Zener diode. Since the 
current through Zener diode changes, resistance 
offered by it also changes. 


(a,d) : Minority charge carriersare accelerated due 
to reverse biasing. These carriers strike the atoms 
causing ionisation which results in secondary 
electrons thereby increasing the number of charge 
carriers. 


When doping concentration is large, there are 
large number of ions in depletion region. This 
results in a strong electric field. 


26. (9: 
As Vec= Кейс + I) Ioa + Vor К 
and Vee = Vec- (Ic + lj Rc = (Vec —1сКс) (as Ig << 
and B= Iols - iii) 
From (i) and (iii), 1p = cc Var), Ус _ 
Rg+(B+1)Re (Rg +BRe) 
(as B>> 1 and Vpr is very small). 
[ES —G—— =18.2pA 
(500 10° у + (100% 500 9) 
27. (d): As Ve= Ver = Voc- ІСКС -0 
or Tli pls 
100 x 182x 10-5 A- 182 x 103A 
м Vc-10- 182 x 102 x 500 Using (i) 
-10-091-91V 
28. (b): Voltage drop across R, E 
Vp=Va-Vy=5-0.7=43V 
Here, Imin = 1x 103A, 2 
Ук 43 
=—A= Vs 
Rmax Imin 1x10% " 
=43x 10° =4.3kQ 
29. (b): Here I= 6 mA=6 x 107A, 


Vg 7 Vs- Vy -5-07-43V 


R- R33 pg 
I 6x10" 


Circuitin (Q), Y- A«B- A«B 
Circuit in (R), Y=A-B=A+B 
Gircuit in (5), Y=A+B=A-B 


31. (d): Microphone converts speech signal into 


electrical signals. Piezo-electric senser converts 
pressure variation into electrical signals. 
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Photo-detector converts light signals into electrical 


signals. or 

Attenuation is the loss of strength of signal during 

its propagation through communication channel. Hence for safe operation the value of resistance 
32. (с): In AM modulation, the amplitude of the should be 5 Q. 

carrier signal varies in accordance with the | 37. (9): Here, v, - 4.5 kHz, v, = 3.45 MHz = 3450 kHz 

information signal. AM signals are noisy because Band width = 2, = 2 x 4.5 =9 kHz. 


of electrical noisy signals significantly affect this. | 38, (1); Let A, and А„ be the amplitude of carrier 
In FM modulation, amplitude of carrier wave is waves and message signal wave. 

fixed while its frequency is changing. FM gives Given, 

better quality transmission. It is preferred for РТТ NT 
transmission of music. Pippi uirum (ii) 
Demodulation is the process in which the FAMAE WE. ЫЙ Е 
original modulating voltage is recovered from the On solving, (i) and (i) we get, 


modulated wave. or A,-5V A,-5V 
33. (b): The modulation index determines the strength Modulation index, Эш 23-1 
and quality of the transmitted signals. e 5 


If the modulation index is small the amount of 
variation in the carrier amplitude will be small. 
Consequently the audio signal being transmitted 


39. (6): Here, mean free path, х = 4 x 10° m. 
Energy acquired by electron before it collides with 


will not be strong, a copper ion/atom, W = 24 eV -24 x 1.6 x 10-19]. 
Hence, for high modulation index is the greater If E is the electric field applied, then force on 
degree of modulation and the audio signal electron, before it collides with a copper ion/atom 
reception will be clear and strong. is 
AT W= force x mean free path = eEx 
34. (d): Ry = J..(2-05)V -o24x16x107-16x107 x Ex4x105 
М, 15x107A =6x107 V m^ 
-109-1kQ 
35. (а) 
36. (5): HereP- 1W, V; =5 У 40. Ry 
V.=3Vto6V Р 2? OR 
1w 006; 3x1 | 
=5y 024 ог Коту 001х100 


Buy ONLINE at 


ЈЕЕ».. lf ЈЕЕ,.. ЕЁ | 


PHYSICS CHEMISTRY BI MATHEMATICS 


Days Crash Co 


Е 


МТС Learning Media Pvt. Ltd. 


Plot 99, Sector 44 Institutional Area, Gurgon - 122 003, Tel.: 0124-4951200 


90 PHYSICS FOR You | jaNuary'i4 


LP. has given students the confidence to tackle 
the subject-concepts have become crystal clear. 


LP. has improved problem solving skills-student is 
able to solve nearly 9096 problems of I.E Irodov and 
Resnick & Halliday himself. 


Developed interest in the subject-the student 
knows the subject so well that after reading ЇР, 
physics has become his/her favourite subject. 


A student who has read & understood the 
concepts found himself miles ahead of other 
competitors. In exams like JEE (Main & Advanced) 
NEET/ PMTs top ranks were obtained because of 
good score in Physics 


Average students have immensely gained from 
this book 


No external help required - I.P. develops the 
concepts so well, no tutor/teacher is required for 
mastering physics. 


LP. has laid the foundation so well that physics will 
VOL. never be a problem even during higher education. 


t150 


Volume 


1 to 8 
Volume 2 — t170 iJ 
Volume 3 2200 — 
Volume 4 150 
Volume 5 4175 
Volume 6 t200 AULA, M р 
Уйше 7 AE A Book to Revolutionise Physics Learning and Teaching 
Volume 8 7150 


Buy Available at For more information or to place your order : 
online at leading bookshops Ei] (Callat:0124- 4951200 @ Mail at : info@mtg.in 


www.mtg.in throughout India. s Log on to: www.mtg.in 


PHYSICS FOR YOU | jaNUARY 14 


YQU ASKED 
WE ANSWERED 


Do you have a question that you just can't get answered? 
Use the vast expertise of our mtg team to get to the bottom 
of the question. From the serious to the silly, the controversial 
to the trivial, the team will tackle the questions, easy and 
tough. 

The best questions and their solutions will be printed in this 


column each month. 


Q1. 


Ans. 


Q2. 


Ans. 


A vessel filled with water is placed exactly in 
middle of a thin wall as shown in figure. Will the 
system topple if a small wooden boat carrying 
some weight is floated in the vessel? 


- Vipin Kumar, Ghaziabad (И.Р) 
The system will not topple since according to 
Pascal's law, the pressure on the bottom of the 
vessel will be same everywhere. Thus the body 
will still remain in equilibrium. 


Assume that a hydrogen atom, initially in its 
ground state, absorbs a photon. In general, 
how many photons would you expect to be 
associated with the de-excitation process back 
to the ground state? 
(a) can there be more than one photon or 
(b) must there be only one photon? 

- Akhilesh (M.P.) 
Since the difference between light emission 
and absorption is the direction of the transition 
(ie. down for emission, up for absorption), we 
might be tempted to answer (b), because only 
one photon was required for the excitation 
process. However, if we look at the details 
of the two processes, we realize that they are 
not necessarily symmetrical. On absorbing a 
photon's energy, a hydrogen atom will jump 
from its ground state to an excited state, let us 
say from n = 1 to n = 4. This process requires a 
single photon of unique energy (that is, light 
of unique wavelength). However, in dropping 
back to the ground state, the atom may take one 
of several possible routes. For example, the atom 
could go from the п = 4 state to the п = 3 state, 
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Qs. 


Ans. 


оз. 


Ans. 


followed by a transition to the ground state 
(n = 1). This process would involve the emission 
of two photons. Therefore, the answer is (a). 
In general following the absorption of a single 
photon, several photons can be emitted. 


There is a stick whose one half is wood and the 
other half is steel. It is pivoted at the wooden end 
and a force is applied at right angles to its length 
at the steel end. Next, it is pivoted at the steel 
end and the same force is applied at the wooden 
end. In which case is the angular acceleration 
more and why? 

- Arumukhan, Coimbatore (Tamil Nadu) 
AB is a stick whose one half (AC) is of wood and 
the other half (BC) is of steel. Let the stick be first 
pivoted at A and then at B as shown in figure (a) 
and figure (b) respectively. The distribution of 
mass about the axis of rotation is different in the 
two cases. 


In the first case, most of the mass due to steel 
is farther from the axis of rotation. Obviously, 
the moment of inertia (I) in the first case is 
larger than in the second case. Since the force 
(F) applied and also its distance from the axis of 
rotation is the same in both the cases, the torque 
(1) is also same in both the cases. Further, as 
t= la, а = t/l. Since I is less in the second case 
than in the first, 0 (angular acceleration) is more 
in the second case than in the first case. 


When the X-rays pass through the original 
diamond then, a green coloured ray is observed. 
Why? 


Green 


Diana — Coloured ray 


- MD Faizaluddin, Hajpur (Bihar) 
Since the critical angle for diamond is very 
small, therefore the X-ray photons undergo total 
internal reflection inside the diamond crystals. 
Since all colours of different wavelength undergo 
total internal reflection, therefore, diamond shines 
with an average of all the seven components 
(VIBGYOR) of white light, i.e. green. 
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Seven resistances are connected as shown in the 
figure. Find the equivalent resistance between A 
and B. 


05. 


w 
о 
PI 


60: 


- Mayank 

Ans. The equivalent circuit is shown in figure, 

which is a balanced Wheatstone bridge. Hence 
resistance 8 Q is ineffective. 


50 30 


Total resistance between A and B is 
26*3x6*3 ,g 
(5+3)+(5+3) 
Q6. Why is the velocity of light in vacuum, c 
considered as ultimate speed limit of the 
particle? However linear velocity may cross this 
limit from equation, v = ro (v = linear velocity, 
r = radius, œ = angular velocity), when œ is 
very-very large as close to velocity of light in 
vacuum. 
-Madhusudan Khanal, Kalimpong 
The velocity of light is ‘c’in free space only. Light 
as per the particle theory of light is composed of 


Ans. 


07. 


Ans. 


photons which are massless. Any particle which 
has to be massless should keep on travelling 
with ‘c'in free space. This is because mass as рег 
the relativistic theory is 


ту 


yl- 212. 


The numerator ‘mo’ can be zero and the fraction 
can be consistent only if ‘v’, the speed of particle 
is equal to c. The formula v = rw is only for 
classical mechanics, i.e., when v « « c for motion of 
particles about a fixed point. It is not applicable 
on fast moving particles like photons. 


m(t) = 


Perhaps that every student may able to give 
atom bomb as an example of conversion of 
mass into energy. Then, what is the example of 
conversion of energy into mass? 

- Madhusudan Khanal, Kalimpong 
Going by your logic, i. if every student can give 
an atom bomb as example of conversion of mass 
into energy, then the example of conversion 
of energy to mass is that the energy required 
to bind together each nucleus, i.e. protons and 
neutrons is 9.315 х 10% eV. This shows that 
during structure formation how the formation 
of matter decreases the overall energy and 
makes the system stable. This is because an 
amount of energy equal to 9.315 x 10° eV has to 
be released whenever the neutrons and protons 
bond. Seeing that you have millions and millions 
of nucleons in the body of every student how 
much extra energy each one have contributed to 
in just their existence. = 
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dad £1 [5:32 MUSING 


SOLUTION SET-5 


1. 


As we know that negative of potential energy 
gradient is force for a conservative field. 


ae 
dr Я 
Itis given that U=- 
3 3. 
е: 22 
Hence fore Fas ke?) oet 
dr 4 aD) rt 


According to Bohr's theory this force provides the 
necessary centripetal force for orbital motion. 
ke? то? (i) 
gr 


nh 
Also mor => 


nh 
Hanes) a= T 
lence, v= .. (ii) 
Substituting this value in Eq. (i), we get 
a( mh Y xe 4n2e7km 4. 
= =Z or r= 
2nmr rt nh? 
Substituting this value of r in Eq. (iii), we get 
EE VU 
ВлЗкт2е2 


When the plank is 
situated symmetrically 
on the drums, the 
reactions on the plank 
from the drums will 
be equal and so the 
force of friction will be 
equal in magnitude 
but opposite in direction and hence, the plank 
will be in equilibrium along vertical as well as in 
horizontal direction. 
Now if the plank is displaced by x to the right, the 
reaction will not be equal. For vertical equilibrium 
of the plank 

Ra + Rp = mg s) 
And for rotation of plank, taking moment about | &. 
center of mass we have 


RA(L +x) = Rg(L-3) = ii) 
Solving equations (i) and (ii), we get 
Ra =mg(1=* х) and Rz mg (Et 


Now as f = uR, so friction at B will be more than 
at A and will bring the plank back, i.e., restoring 


force here. 

F=+(fy~ fa) o M0 Ки) e 7a x 
As the restoring force is linear, the motion will be 
simple harmonic motion with force constant 


ks кч 


So that T= afi- a. 


It is a case of translation motion without rotation. 
Therefore, the force should act at the centre of 
mass. 
Let u is mass per unit length. Al B 
Then mass of AB, m; = ulactsatO рә 
Mass of OC, m = щ2/) acts at D, Pi 
where CD = 
Let DP-x 
As P is the centre of mass, therefore, С 

Ш(1 - x) = 2ulx 


Зх=1 оа = 


л CP- CDs DP- 1+1=4 

(b): Volume of the gas is Е V = constant. 

л Рет 

ie. pressure will be doubled 

if temperature is doubled т” л 
P-2P, 


Now let F be the tension in the wire. 
Then equilibrium of any one piston gives 
F - (P- Po)A = (2Po - Po)A = РА 


(9: au =CydT = G к)т 
_ 24и) HU 


From first law of thermodynamics 
dU - dQ - dW 
-Q- 3R 
=Q 4 
Now lar heal capacity 


-Q Q - _5RQ_ 
“ar xau) КЕ) ^ 
5R 4 


ii) 
=r (using (i) & (ii) 
(b): For K, X-ray line, 


(e of 1 
-RZ-1) [;- 


а 
1 


E 


EM 
With reference to given data, 


3470.76 А 20.76 x 1071 m 
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8. 


10. 


R -1.097 x 107 m! 
Putting these values in equation (i) 


4 1 
z- ea) 
Gen 30.76 x 107! x 1.097 x107 
= 1600 


=> Z-1=40 .. Z=41 

(о: 1H? + 1H? S Het + Q | 
= Am-mQHe!) - 2m(H?) 

= Am = 4.0024 -2(2.0141) 

= Am =- 0.0258 amu 

Since, О = Amc? 

= Q=(0.0258)(931.5) MeV 

=> Q-24MeV 

(a): The displacement of the particle is given by 
x= Asin(-20f) + Bsin^ot 


= Asin201 +5 1~cos2or) 


B 
=-(Asin20r+Bcos20r}+2 
2 2 


This motion represents SHM with an amplitude, | 


E arc B 
* A and mean position P 


(d): Frequency of the fundamental note in closed 
RET 

Pipes ар 

Зо (first overtone) | 

5v, (second overtone) 

7v, (third overtone) 


оу. Only the odd harmonics, 


are present 
Frequency of the fundamental note in open pipe 
is © =v. All the harmonics 
2; 
20) (second harmonic ог first overtone) 
3v» (third harmonic or second overtone) 
4v» ( fourth harmonic or third overtone) 


are present | 
Given that, 7о = 3v2 


| 
| 
(c) : In the first case frequency w = w and in the | 
second case frequency o% = 20 | 
As energy œ (frequency)? | 


E oC) 
тар > 
E, = d 4 ог E,=4E, | 
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